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Preface

The purpose of this endeavor was to investigate the possibility that silicone brake fluid
(BFS) was not performing as intended in military air-over-hydraulic braking systems
used in certain tactical vehicles. The investigation responded to a SMART initiative
issued by the Utah Army National Guard. This initiative reported serious brake failures
that had occurred in 2 1/2- and 5-ton trucks. Of particular concern was the capacity of
BFS to contain up to 16% dissolved air. The field test that was conducted as a result of
this SMART initiative was designed specifically to determine whether the amount of
dissolved air in BFS affected braking in military vehicles under real operating conditions,
and to gather data that characterized brake fluid performance.
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Section I
Background and Introduction

HISTORY OF PROBLEM

According to the Utah Army National GuarW (UTARNG) and other National Guard units, the
majority of their 2 1/2-and 5-ton trucks are outfitted with air-over-hydraulic braking. Although
the trucks contain brake components that are nearly identical, the reported unexplained problems
for each type of truck were different. In each case, however, the cause was perceived to be
silicone brake fluid, MIL-B-46176 (BFS).

Unless otherwise identified as a mechanical or maintenance failure, the unexplained failures that
occurred in 2 1/2-ton trucks (M109A3) typically involved wheel lock-up. UTARNG reported
that drivers noticed the wheels dragging and then shortly thereafter, that they had locked up and
would no longer move. As a quick remedy to the situation, the drivers opened the bleed valve at
the wheel cylinder to allow the built-up pressure to dissipate. During that procedurn, it was
reported that the fluid foamed as it was released from the wheel cylinder.

In the 5-ton trucks (Dump Truck, M817), the unexplained brake failures simply involved loss of
pedal resistance instead of wheel lock-up. Drivers typically reported that after allowing the
trucks to sit idle for a period of time, even " short as overnight, upon pressing the brake pedal, a
loss of fluid resistance occurred, and the pedal traveled further toward the floor than under
normal braking. The problem was treated by simply pumping the brake pedal until full
resistance was restored. From that point on, the brake system operated as intended, with no
further loss of pedal.

This unexplained loss of pedal in the 5-ton trucks and the unexplained wheel lock-up in the
2 1/2-ton trucks were taken to be caused by BFS according to the National Guard units. Several
complaints against BFS were included in the SMART initiative and are listed as follows:

& Silicone's affinity for air ... BFS absorbs air when under pressure during braking;

then, when vehicle sits idle, the air is released.

* Silicone boils off at higher temperatures creating a void which is then replaced by
air or water.

* Water gets into the brake system and forms globs in the silicone, and then boils
when subjected to high temperatures.
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Although not mentioned in the SMART initiative, another major concern of the National Guard

units was the effect of varying altitudes. This goes hand in hand with the dissolved air issue in

that the decreased pressures encountered at high altitudes causes the silicone fluid to release

some of its air. This phenomenon was not previously considered a problem during the initial

conversion to BFS, but was of primary concern to this investigation.

CONVERSION TO BFS

The Army chose to convert its vehicles to BFS to improve logistics and performance. Prior to
the conversion, polyglycol brake fluid, meeting Federal Specification W-B-680, and now

referred to as DOT 3, was used in all hydraulic braking systems. Although it performed as

required, several drawbacks prevented it from being the ideal fluid. Polyglycol tends to absorb
water, thus causing severe corrosion. Also, polyglycol-based fluids have limited temperature

ranges and no preservative properties. Therefore, the Army required a brake fluid for high

temperatures, VV-B-680, a brake fluid for low temperatures, MIL-H-13910 (Arctic), as well as a

preservative fluid, MIL-P-46046, for vehicle storage. 1

BFS (MIL-B-46176), however, can act as a preservative and can perform in both the high and

low temperature ranges.2 Probably the most significant advantage of BFS is that it is

hydrophobic. This water resistant characteristic causes BFS to act as a natural corrosion

inhibitor since BFS will not permit the absorption of water through unsealed potions of the brake

system. Because BFS can act as a preservative and perform in extreme temperatures, only one

type of brake fluid is required for all hydraulic systems in all types of environments. 3

This ability of BFS to replace three previously used polyglycol fluids was projected to save the

Army $10 million from 1980 to 1990. BFS is now used in all military vehicles equipped with

hydraulic braking (excluding administrative vehicles) and, except for the problems in 2 1/2- and

5-ton trucks, has performed acceptably since the in-tial conversion. Additional endorsement of

BFS is provided by the the US Postal Service, which operates its fleet of vehicles with BFS and

reports that use of BFS has increased the service life of wheel and master cylinders two to five

times.

PURPOSE OF BFS TEST

As mentioned earlier, a primary concern was the effect of dissolved air in BFS on vehicle

performance. Closely linked with this issue was the question of altitude effects. The field test

was designed specifically to resolve these issues. An added factor incorporated into the test plan

was the type of vent valve on the master cylinders in 5-ton truck air-over-hydraulic brake

systems.
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The amount of dissolved air in BFS is of paramount importance. According to the addendum to

the SAE J1705, Recommended Practice for Low Water Tolerant Brake Fluids, testing revealed
that BFS can contain up to 16% ± 3% by volume of dissolved air at standard temperature and
pressure.4 In contrast, polyglycol brake fluid has been found to contain only 3% to 5%
diss -ved air (see Appendix A). The more important question is whether or not a sufficient
volume of dissolved air, and under what conditions, can be evolved from the fluid to cause brake
failure.

In an attempt to identify these conditions, the investigation examined the possibility that
increasing altitudes provided the environment under which dissolved air could be released from
BFS. Dissolved gases are more likely to come out of solution when subjected to lower ambient
pressures. The same effect is created when military vehicles operate over routes that involve

high altitudes. The higher the altitude, the lower the atmospheric pressure, thus the tendency to

evolve dissolved air is increased. Since a lack of hard data addressing this tendency existed, the

test plan provided for collection of significant amounts of data that described the conditions to

which BFS was subjected during normal and severe operation of the vehicle.

An added complication in determining the dissolved air effects arose from the type of vent valve

used on the master cylinders in 5-ton trucks. The valve allows air to escape but not re-enter.

This led to speculation that brake failures could be due to a vacuum that had been created by the

one-way vent valve when air was forced out of the master cylinder due to fluid expansion. In

order to isolate the altitude effects, the test plan called for testing to be conducted with and

without the one-way valve.

AIR-OVER-HYDRAULIC BRAKE SYSTEM

The air-over-hydraulic type of braking system is unique in that it utilizes compressed air to act

as a booster to hydraulic braking action. This particular system consists of a master cylinder,

air-hydraulic (a/h) cylinder, wheel cylinders, and brake shoes and drums.

As in most brake drum systems, pistons in the wheel cylinders force the brake shoes against the

brake drum causing it to slow its rotation and eventually stop. These pistons are activated by

hydraulic pressure that originated from the pressure applied to the brake pedal. In air-over-

hydraulic brakes, the brake pedal activates a push rod in the master cylinder (see Figure 1)

which forces brake fluid into the a/h cylinder. This fluid activates a proportional valve that

allows compressed air into the air portion of the a/h cylinder. This compressed air pushes

3



agWast the air piston which is approximately four times the size of the hydraulic piston. Since

the hydraulic piston is mounted on the same rod as the air piston (see Figure 2), it is pushed with

the same force. The force exerted on the brake fluid, however, is proportionally greater by a

factor of 16. The new fluid pressure which extends to the wheel cylinder pistons is capable of

reaching a maximum pressure of 1,900 psi.5

PISTON INTAKE PORT BYPASS PORT

PRESSURE

PISTON H VALVEE TOWHEELS

SECONDARY PRIMARY cuVALVE
cuP

LESS THAN I INCH RETURN SPRING

Figure 1. Inside View of Master Cylinder
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COMPRESSED AIR PISTON
AIR CYUNDER

MUTUAL PISTON ROD

HYDRAUITC CYNDER HYDRAUUC CYLINDER

33." .5.0" TRAVEL BRAKE "NE TO

BYPASS VALVE WHEEL CYUNDERS

PISTON RETURN SPRING

PISTON RETURN SPRING

Figure 2. Inside View of Air-Hydraulic Cylinder

The sole function of the brake fluid is to transfer the force introduced to the brake system when
the brake pedal is pushed. The brake fluid simply acts as a transfer medium such that the force
that pushes the brake pedal is the same force (although amplified mechanically) that pushes the
brake shoes against the brake drum. When fluid pressure is achieved in sufficient quantities
(500 to 1,900 psi), the brake fluid has performed its intended function (see Appendix B).

SCOPE OF ACTUAL TESTING

The testing was not intended specifically to solve the unexplained brake failures in 2 1/2-and
5-ton trucks, but to determine if one aspect of the brake systerm-the brake fluid-contributed to
the problem. The test was designed to characterize the physical behavior of the brake fluid
during actual operation under actual conditions. By recording fluid temperatures and pressures
while the brake system was performing properly, a comparison of the same parameters recorded
during a malfunction would allow a greater understanding of the source of the failure. In
addition, a record of fluid pressures would provide a means for determining if dissolved air
affected braking performance and also whether or not altitude contributed to the reported brake
failures.

$



Section II
Test Plan: BFS Performance Data
Acquisition at High Altitudes

This test plan (see Appendix C) was designed to determine if BFS contributed to the reported
brake failures in air-over-hydraulic brake systems. To accomplish this, four trucks (two 5-ton,
two 2 1/2-ton) were instrumented with pressure, temperature, and pedal motion sensors to
monitor the brake system behavior during actual operation of these vehicles. For each set of
trucks, one used polyglycol and the other BFS. Each truck was outfitted with new master
cylinders, air-hydraulic cylinders, and wheel cylinders prior to testing. The data monitored by
the sensors was recorded in an on-board data logger and then transferred to a personal computer
for later evaluation.

SYNOPSIS OF TEST PLAN

The test consisted of four phases. Phase I involved recording data while the trucks were
operating at their lowest normal altitude (4,300 feet). The data collected at this altitude provided
a baseline for comparison of other data. If changes in altitude affected braking performance,
data recorded at different altitudes would differ from the baseline data. Phase II required the
trucks to ascend a marked course, stopping at prescribed points, until an altitude of 8,100 feet
was achieved. The continuous ascent provided the means of determining whether constantly
changing altitude was a problem or whether the trucks required an "adjustment period" before
the effects of altitude manifested themselves in the form of a brake failure. To further answer
this "adjustment period" question, in Phase III the trucks were allowed to sit for 2 hours at the
highcst altitude before more baseline data was recorded. Data collected at this high altitude and
compared to data collected at 4,300 feet would illustrate if the brake fluid was affected by the
decreased pressure encountered at high altitudes. The final phase of the testing (Phase IV)
required the trucks to descend the same marked course recording more data. This information
would indicate if a continuous decrease in altitude was detrimental to brake system performance.

6



INSTRUMENTATION

The instrumentation of the trucks required two pressure transducers, four thermocouples, and
one linear resistor for each truck. The two pressure transducers were installed to monitor the

-fluid pressure in the line between the master cylinder and the air-hydraulic cylinder (primary
line) as well as the line from the air-hydraulic cylinder to the wheel cylinders (secondary line,
see Figure 3). Fluid pressure in the primary line has a maximum pressure of 300 psi while fluid
pressure in the secondary line has a maximuim of 1,900 psL Four thermocouples were used to
monitor the front, middle, and rear wheel cylinder temperatures, as well as the temperature of

the fluid in the master cylinder. Pedal travel that occurred during braking was measured with a
linear resistor (see Figure 4) that was attached to the brake pedal linkage (see Appendix D).

Figure 3. Pressure Transducers in Fluid Lines
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Figure 4. Linear Resistor Installed on Brake Pedal Linkage

DATA ACQUISITION

Each of these sensors generates a voltage that is proportional to the magnitude of the variable
being measured. To collect the necessary data produced, the sensort were connected to a data
logger (see Figure 5) that was programmed to scan the sensor input and record the voltage
readings at specified time intervals. The same programming (see Appendix E) converted the
voltage signals to pressure, temperature, and pedal travel information and stored it in memory.
Since the data loggers have limited memory capacity, portable personal computers (PCs) (see
Figure 6) loaded with customized software (see Appendix E) were used to down-load the data
from the data loggers to memory in the PC. The same program that presides over the data
transfer from the data logger to the PC was also developed to aid in evaluating the data. It
reduced the data and reproduced it in graphic form so that approximately 200,000 data points
were represented in a series of approximately 100 graphs.

8



Figure S. Data Logger Wired to Sensors

Figure 6. Portable PC Linked to Data Logger
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DISSOLVED AIR BENCH TEST

As an extension of the field testing that was conducted in Utah, a test plan was developed for
laboratory analysis of the propensity of brake fluids to release dissolved air (see Appendix F).
The test provides a qualitative measure of the effects of reduced pressure on both polyglycol and
silicone brake fluid. In short, the test called for small flasks of the brake fluid to be placed in a
vacuum oven and the pressure slowly dropped. Any appearance of bubbles was reported as well

as any weight change. The same method was employed using a flask open to atmosphere and
then a flask equipped with the one-way vent valve from the 5-ton truck's master cylinder.

The testing was corducted in the same four phases as the field test. Phase I consisted of
recording weight at atmospheric pressure. The flask was then subjected to continuously
decreasing pressures and, after reachdng a final pressure, the flask was brought back to
atmospheric pressure and weighed (Phase H). Any appearance of bubbles during this phase was

noted. In Phase MI, the pressure was dropped to its final value once again, and the flask was
allowed to sit for 2 hours, during which the appearance of bubbles was again noted. After the
time period expired, the flask was again weighed. Finally, in Phase IV, the flask was again
brought to its lowest pressure, then the pressure was steadily increased and any appearance of
bubbles recorded. The flask was weighed again one final time. Due to the nature of the vacuum
oven, the recorded weights cannot be considered very accurate, as the time lag to bring the flask
back to atmospheric pressure and to place it on the analytical balance would necessitate a slight

change in weight.

This test for dissolved air does not address the issue of entrained air. Dissolved air involves air
that is soluble on a molecular scale. Entrained air is simply air that has temporarily become
trapped within the fluid. Previous testing reveals that silicone brake fluid releases trapped
(entrained) air nearly twice as fast as polyglycol brake fluid (see Appendix G).

10



Section III
2 1/2-Ton Truck
Test Results and Analysis

LOW ALTITUDE BASELINE DATA

Baseline data for the 2 1/2-ton trucks was taken while traveling at a level altitude of 4,300 feet.
The data loggers were programmed to begin taking readings whenever the brake light was
activated if the power switch to the dam logger was in the "on" posiuon. The data logger would

record sensor input every .3 second for a period of 18 seconds. For each brake application that
was recorded, 480 data points were stored in memory. Figures 7 and 8 reveal typical "brake

application signatures" in that the air-hydraulic and master cylinder fluid pressures, the pedal
travel, and the point where the brake pedal or the data logger was disengaged were all plotted

with respect to time. In each case, the two fluid pressures tracked closely with one another, as
would be expected. The air-hydraulic pressure increases and decreases, although with a slight

time lag, as the master cylinder pressure increases and decreases. The pedal travel also tracks
with pressure; and as the fluid pressures decrease to their minimum values, the pedal returns to

its upright position and the brake light shuts off.

Baseline data generated while traveling at low altitude are summarized in Table 1. Normal
operating high and low values as well as the available operating ranges are included in the table.

11



Table 1. 2 112.Ton Truck, Low Altitude Baseline

BRAKE
FLUID SILICONE POLYGLYCOL

Available Operating Operating Available Opertling Opeating
Range Low High Range Low High

Air/Hydraulic
pressure 0 - 1,800 419 1.318 0-1,800 500 880

(psi

Master cylinde
pressure 0-300 109 252 0-300 62 167

(psi)

Pedal

travel 0- 7.5 4.14 5.34 0- 7.25 2.37 3.2
(inches)

Temperature 0-500 95 121 0-500 93 115
(OF)

It can be seen, while traveling on level ground, the silicone truck requires an air-hydraulic
pressure of 419 psi to stop. This is only 23% of the pressure available for stopping the truck.
Roughly the same can be said for the polyglycol truck. Both trucks were easily stopped using a
small percentage of the available braking power while traveling at 35 mph on level ground.

It is important to note the difference in pedal travel between the trucks. The silicone truck pedal
typically requires between 4 and 5.5 inches of travel, yet the pedal can only travel up to 7.5
inches. The Technical Manual (TM) 9-2320-209-20 (page 281) for 2 1/2-ton trucks clearly
states that when the pedal travel reaches 2 inches above the floor, the truck should be turned in
for brake adjustment.6 Although the recorded pedal travel readings did not quite meet the
criteria for necessary brake adjustment, they were close, and as such very nearly ready for
maintenance even though the truck had just received a complete brake system overhaul the
previous day.

12



CONTINUOUS ASCENT

Typical operating highs and lows for the continuous ascent were obtained by driving the trucks
over a pre-specified course and stopping them at marked intervals. These intervals involved two

complete stops at approximately every 500 feet in altitude. Figures 9 through 12 represent the

brake signatures for both polyglycol and silicone at the start (5,300 feet) and finish (8,100 feet)

of the course. Figures 9 and 10 are similar to Figures 7 and 8. Fluid pressures track with each

other as well as with the pedal travel. Figures 11 and 12, however, differ in their overall shape.
The most noticeable difference is the "brake status" line. In each case, the brake light seemed to
have turned off before the brake pedal reached its normal position. This occurred because the

data loggers were manually disengaged to prevent an additional 18 seconds of data being

recorded. During some stops along the course, the drivers were unable to release the brake pedal

and engage the hand brake before the data loggers were re-triggered to take data. To prevent the

generation of excess data, the data loggers were disconnected from the brake light sensor.

Recorded operating values are summarized in Table 2.

Table 2. 2 1/2-Ton Truck, Uprun

BRAKE
FLUID SILICONE POLYGLYCOL

Available Operating Operating Available Operating Operating
Range Low High Range Low High

Air/Hydraulic
pressure 0- 1,800 400 753 0- 1,800 691 838

(ps)

Master cylinder
pressure 0-300 77 167 0-300 130 174

(psi)

Pedal
travel 0-7.5 4.16 4.66 0-7.25 2.69 3.18

(inches)

Temperature 0-500 120 129 0-500 121 135
(OF)
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Comparing data from Table 2 to the values listed in Table 1 reveals that traveling uphill is much
easier on the brake system. The maximum air-hydraulic pressure required to stop the silicone
truck was 753 psi which is 42% of the total available pressure. The polyglycol truck required a
maximum pressure of 838 psi. Analysis of the raw data collected for the entire ascent reveals no
evidence that brake performance is significantly affected by altitude changes for either the
polyglycol or the silicone brake fluid.

It is evident , however, that the silicone truck has greater pedal travel than the polyglycol truck.
The maximum pedal travel in the polyglycol truck is nearly 1 inch less than the minimum pedal
tra-,el in the silicone truck. Given that the misadjustment of the pedal occurred during testing, it
is f,.asible that some of the brake problems reported can be at, I to the misadjustments on

the brake systems during regular maintenance.

CONTINUOUS DESCENT

It was during the first descent down the marked course that braking problems arose. Table 3
lists the normal operating conditions of the brake system. The definition of normal in this case
is based solely on driver information. Each stop that is represented in this table was considered
by the drivers to be acceptable braking performance.

Table 3. 2 1/2-Ton Truck, Downrun

BRAKE
FLUID SILICONE POLYGLYCOL

Available Operating Operating Available Operating Operating
Range Low High Range Low High

Air/Hydraulic
pressure 0- 1,800 549 999 0- 1,800 691 1,328

(psi)

Master cylinder
pressure 0-300 137 174 0-300 169 249

(psi)

Pedal
travel 0-7.5 4.42 5.16 0-7.25 2.95 3.90

(inches)

Temperature 0-500 125 154 0-500 127 154
(OF)
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According to Table 3. the maximum stopping pressures were considerably higher than those for
the ascent and level ground. This is to be expected due to the added momentum gained from a
downhill gradient. The table does not list the pressures recorded during the "brake failure" that
occurred during testing, since it is only an accounting of normal braking activity. It does,
however, reveal the significant increase in required fluid pressure as well as pedal travel. The
polyglycol truck required a maximum stopping pressure of 1,328 psi to stop the truck, whereas
the minimum pressure was 691 psi. This is a 52% increase in the required stopping pressure.
Figures 13 and 14 illustrate the brake applications where substantially higher fluid pressures

were required to stop the truck. The increase in pedal travel was also significantly greater than
that observed for both the baseline phase as well as the continuous ascent. Taking this into
account in addition to the high wheel cylinder temperatures, it can be seen that the polyglycol
truck was also beginning to experience "brake fade," which is the loss of friction between the
brake linings and the brake drum due to the high temperatures of the brake drums.

The "brake failure" that occurred in the silicone truck is also a case of brake fade, although more
severe than that experienced by the polyglycol truck. Figures 15, 16, and 17 reveal the sequence
of brake applications prior to and after the brake failure incident. Knowing that the silicone
truck required only 500 psi to stop at the first marker, and that the required fluid pressures
increased as the truck progressed down the mountain, the data clearly indicates that the friction
between the brake lining and brake drum was steadily decreasing. Figure 15 illustrates the brake
signature that required 999 psi to stop. In Figure 16, the brake signature for the "failure" shows
that the fluid pressure to stop the truck maximized at 1,666 psi.

If a true brake failure had occurred due to the brake fluid, these pressures would not have been
obtained. The fluid functions solely to transfer force to the wheel cylinders and, in the case of
the "brake failure," nearly 1,700 psi was transferred. Comparison with previous data indicates
that more than enough pressure was transmitted to stop the truck (see Table 4). The truck failed
to stop easily because the gripping action of the brake lining had been decreased.
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Table 4. 2 1/2.Ton Truck, Silicone Brake Application

BRAKE
FLUID SILICONE POLYGLYCOL

Available Operating Operating Available Operating Operating
Range Low High Range Low High

Air/Hydraulic
pressure 0-1,800 358 1,047 0-1,800 698 1,187

(psi)

Master cylinder
pressure 0-300 111 215 0-300 138 220

(ps)

Pedal
travel 0- 7.5 3.80 4.36 0- 7.25 2.87 3.67

(inches)

Temperature 0-500 91 166 0-500 92 165
(OF)

This loss of friction between the brake lining and the brake drum is a direct result of the high
temperatures experienced by the brake drums. Temperature values recorded during the descent
increase steadily as the truck traveled down the course. When the brakes failed, the temperature
in the wheel cylinders had reached 160°F. Based on other recorded data, it can be estimated that
the brake drum temperature was at least 1000 higher. These high temperatures were a result of
overstressed brakes. As the driver traversed the course, the observer reported that the driver's
tendency was to ride the brakes to an extent instead of downshifting to allow the engine to slow
the truck. If any vehicle were driven in this manner down a continuous grade, fade would
definitely occur.

Figure 17 illustrates the next brake application after the truck was allowed to sit for a half hour
to cool down. As can be seen, the fluid pressure required to stop the truck was back down to
863 psi. Subsequent stops required even less fluid pressure. If BFS was responsible for the poor
brake performance, simply allowing the truck to sit and cool 200 would not restore the brakes,
yet such was the case during testing. Given that the brakes performed adequately after allowing
the truck to cool, indications are that causes other than BFS are responsible for this brake
problem.
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In c'ier to further investigate the "brake failure" in the silicone truck, both vehicles were taken
to Camp Williams for additional off-road testing. No adjustments to the brake systems were
performed on either truck prior to the testing at Camp Williams. During the trip to the test site,

brakes on both trucks operated correctly. The testing at Camp Williams, which was not included

in the original test plan, called for the drivers to ride the brakes in order to increase the wheel

cylinder temperatures. Upon reaching the target temperature of 1600F, drivers in both trucks
noticed the odor of overheated brake linings. Just prior to this point, the polyglycol truck was

exhibiting normal pedal travel of 1.7 to 3.2 inches (see Table 5), while the silicone truck

typically used 4.01 to 4.07 inches of pedal travel. When both drivers reported a loss of pedal,

the polyglycol truck was generating 1,824 psi in the air-hydraulic line with 3.92 inches of pedal

travel, and the silicone truck was generating 1,702 psi in the fluid line with 5.75 inches of pedal

travel. In each case, neither pedal was close to traveling its maximum distance and plenty of

fluid pressure was supplied. Although not as severe as that experienced by the silicone truck the

previous day, each truck exhibited the same phenomenon of brake fade.

"Table 5. 2 1/2-Ton Truck, Riding Brakes

BRAKE
FLUID SILICONE POLYGLYCOL

Available Operating Operating Available Operating Operating
Range Low High Range Low High

Air/Hydraulic
pressure 0-1,800 397 1,698 0-1,800 555 1,485

(psi)

Master cylinder
pressure 0-300 72 306 0-300 124 278

(psi)

Pedal
travel 0- 7.5 4.01 5.7 0- 7.25 2.6 3.9

(inches)

Temperature 0-500 140 175 0-500 145 165
(OF)
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Section IV
5-Ton Truck Test
Results and Analysis

"LOW ALTITUDE BASELINE TESTING

The low altitude baseline testing conducted for the 5-ton trucks was carried out following the
final instrumentation and adjustments to the trucks. Figures 18 and 19 portray typical braking

signatures for both polyglycol and silicone trucks. As expected, the plots show that the fluid
pressures track exactly with pedal travel. Table 6 shows the normal operating parameters for
each vehicle. Again, a significant difference between the amount of pedal travel in each truck
can be observed. The silicone truck typically required 5.63 to 6.78 inches of pedal to generate
464 to 860 psi in the air-hydraulic fluid lines. The polyglycol truck only required 4.71 to 5.56

inches to generate 770 to 1,236 psi. In this particular case, the higher fluid pressures in the

polyglycol truck are due most likely to driver performance. The fluid temperatures were
relatively low indicating no undue stress on the brakes. The driver was probably pressing harder

on the pedal than was actually required.

Table 6. 5.Ton Truck, Low Altitude Baseline

BRAKE
FLUID SILICONE POLYGLYCOL

Available Operating Operating Available Operating Operating
Range Low High Range Low High

Air/Hydraulic
pressure 0-1,800 464 860 0-1,800 770 1,236

(psi)

Master cylinder
pressure 0-300 59 83 0-3,10 72 103

(psi)

Pedal
travel 0 -9 5.63 6.78 0 R. ,5 4.71 5.56

(inches)

Temperature 0-500 81 108 0 -500 79 97
(OF)
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PEDAL TRAVEL TESTING

When preparing to continue testing the following day, the pedals on both trucks were checked to
see if the brakes were in proper condition. When pressing the pedal for the first time, the drivers
reported increased pedal travel. In subsequent applications, however, the pedal traveled down
less and less. In this respect, the brakes were "pumped back up." Table 7 reveals that although
the pedal travel decreased to an extent, from 7.98 to 6.13 inches for the silicone truck and 5.29 to
4.69 for the polyglycol truck, in each case plenty of fluid pressure was generated. The driver of
the silicone truck was able to deliver 1,182 to 1,675 psi to the wheel cylinders and the driver of
the polyglycol truck was able to deliver 1,245 to 1,653 psi. Table 8 summarizes the normal
operating values for the 5-ton truck with the two-way vent installed. The pedal travel values are
similar to those values for the trucks when equipped with the normal one-way valve. The data
substantiates the conclusion that the one-way vent valve in the master cylinder does not prevent
normal braking.

Table 7. 5-Ton Truck, Pedal Travel

BRAKE
FLUID SILICONE POLYGLYCOL

Available Operating Operating Available Operating Operating
Range Low High Range Low High

Air/Hydraulic
pressure 0-1,800 1,182 1,675 0-1,800 1,245 1,653

(psi)

Master cylinder
pressure 0-300 111 242 0-300 90 182

(psi)

Pedal
travel 0-9 6.13 7.98 0-8.75 4.69 5.29

(inches)

Temperature 0 500 83 84 0 -500 62 67
(OF)
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Table 8. $.Ton Truck, Pedal Travel With 2-Way Vent

BRAKE
FLUID SILICONE POLYGLYCOL

Available Operating Operating Available Operating Operating
Range Low High Range Low High

Air/Hydraulic
pressure 0.1,800 - - 0-1,800 1,532 1,609

(PSI)

Master cylinder
pressure 0-300 119 157 0-300 157 170

(psi)

Pedal
travel 0 - 9 6.12 7.75 0 -8.75 5.07 5.56

(inches)

Temperature 0-500 83 85 0-500 84 84
(OF)

If the brake applications had been actual applications while the trucks were in motion, the trucks
would have experienced no problems stopping. A comparison of Figures 20 and 21 with Figures
18 and 19 shows the close similarities between each set of braking applications. Except for high
fluid pressures in the case of Figures 20 and 21, the brake signatures could be taken for those
recorded while the trucks were in motion and brought to an actual stop.

While the cause for this pedal loss is not completely understood, a possible explanation is that
the air compessor in the brake system has not completely built up sufficient pressure. Due to
the proportional valve in the air-hydraulic cylinder, if the air compressor has not generated high
enough pressure, the valve would have to open wider to allow the driver to feel the same amount
of resistance he would normally expect. Since the valve is activated by the fluid pressure from
the master cylinder, the more the driver presses the pedal, the wider the proportional valve
opens. If the valve opens 50% and the air pressure is only 85 psi, less fluid pressure is generated
than when the valve opens 50% and the air pressure is 120 psi. To compensate, the driver
presses the pedal further than normal, because the opposing force that is exerted by the fluid on
the pedal is less than it would be if full air pressure were available.
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CONTINUOUS ASCENT

After the "pumping up" process, the driver felt confident enough with the brake system to
continue the testing. During the continuous ascent phase, no abnormal braking action was
recorded. Table 9 shows the lower fluid pressures required to stop the trucks. In each case,
between 200 and 600 psi was generated. Again, values for the trucks equipped with the one-way
valve are comparable to values for the truck with the two-way venting ('Table 10). Figures 22
through 26 illustrate that few differences in brake system behavior manifested themselves during
the trip up the canyon. Data recorded during this phase of the test suggests that altitude has no
significant effect on BFS or its performance within the air-hydraulic braking system.

Table 9. S-Ton Truck, Uprun

BRAKE
FLUID SILICONE POLYGLYCOL

Available Operating Operating Available Operating Operating
Range Low High Range Low High

Air/Hydraulic
pressure 0 - 1,800 245 572 0- 1,800 245 572

(psi)

Master cylinder
pressure 0-300 45 58 0-300 45 58

(psi)

Pedal
travel 0- 9 5.37 6.29 0- 8.75 5.08 5.95

(inches)

Temperature 0-500 86 134 0-500 82 133
(OF)
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Table 10. S-Ton Truck, Uprun With 2-Way Vent

BRAKE
FLUID SILICONE POLYGLYCOL

Available Operating Operating Available Operating Operating
Range Low High Range Low High

Air/Hydraulic
pressure 0-1,800 - - 0-1,800 440 648

(psi)

Ma•wt cylinder
Presmre 0-300 42 56 0-300 57 69

(psi

Pedal
travel 0 -9 4.92 6.3 0- 8.75 4.09 4.43

(inches)

Temperature 0-500 80 107 0-500 81 95
(OF)

HIGH ALTITUDE BASELINE

Tables 11 and 12 show the normal operating values when the vehicles were traveling at a
constant high altitude. Comparison between the two tables shows no difference due to the
venting of the system. Comparison of these tables with Table 6 (low altitude baseline) shows
that the values are within the same range and actually somewhat lower in magnitude. If altitude
were a problem for the brake system or fluid, a change in pedal travel would be observed.
Lower fluid pressures accompanied by increased pedal travel would result if altitude affected
braking performance.
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Table 11. 5-Ton Truck, High Altitude Baseline

1RAKE
FLUID SILICONE POLYGLYCOL

Available Operating Operating Available Operating Operating
Range Low High Range Low High

Air/Hydraulic
pressure 0-1,800 270 502 0-1,800 523 809

MI .ter cylinder
pressure 0-300 46 68 0-300 58 65

(psi)
Pedal

travel 0-9 5.26 6.02 0-8.75 4.21 4.75
(inches)

Temperature 0-500 80 103 0-500 65 74
(OF)

Table 12. 5-Ton Truck, High Altitude Baseline With 2-Way Vent

BRAKE
FLUID SILICONE POLYGLYCOL

Ava!lable Operating Operating Available Operating Operating
Range Low High Range Low High

Air/Hydraulic
Pressure 0-1,800 - - 0-1,800 439 702

(psi)

Master cylinder
pressure 0-300 18 64 0-300 58 75

(psi)

Pedal
travel 0-9 5.2 6.03 0-8.75 4.12 4.54

(inches)

Temperature 0- 500 78 93 0 -500 78 88
(OF)

Figures 26 through 29 show normal brake signatures for high altitude operation with and without
the one-way valve. In each signature, the fluid pressures track with each other as well as with
pedal travel.
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CONTINUOUS DESCENT

Fluid pressures remained consistent and on the low side during the continuous descent of the 5-
ton trucks both with and without the one-way valve. Looking at Table 13, it is c vident that only
293 to 498 psi in the air-hydraulic line was required to stop the silicone truck with the one-way
valve. Nearly the same pressures were required by the polyglycol truck. Table 14 reveals that
roughly the same fluid pressures were sufficient when trying to stop the trucks with two-way
venting.

Table 13. 5-Ton Truck, Downrun

BRAKE
FLUID SILICONE POLYGLYCOL

Available Operating Operating Available Operating Operating
Range Low High Range Low High

Air/Hydraulic
pressure 0-1,800 293 498 0-1,800 235 540

Master cylinder
pressure 0-300 51 60 0-300 28 65

(Psi)

Pedal
travel 0-9 5.45 5.92 0- 8.75 5.14 5.85

(inches)

Temperature 0-500 91 132 0-500 83 120
(OF)
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Table 14. 5.Tbn Truck, Downrun With 2-Way Vent

BRAKE
FLUID SILICONE POLYGLYCOL

Available Operating Operating Available Operating Operating
Range Low High Range Low High

Air/Hydraulicpressure 0 - 1,800 - - 0-1,800 540 617

Master cylinder
Pressure 0-300 46 64 0-300 61 69

Pedal
travel 0-9 5.35 6.08 0-8.75 4.13 4.34

(inches)

Temperature 0-500 89 129 0-500 93 108
(OF)

The descents for both trucks occurred with no braking problems. This supports the case for
brake fade that occurred in the 2 1/2 ton truck earlier in the test. While the 5 ton trucks were
traveling down the hill, the drivers ensured that they did not ride the brakes and down shifted to
allow the engine to slow the vehicles. Given that the trucks were driven in this manner,
maximum fluid temperatures of only 130*F were recorded. In addition, since the fluid
temperatures remained fairly low, conditions conducive to brake fade did not occur. Figures 30
through 33 show typical brake signatures, indicating that the brake systems performed correctly
at high and low altitudes.
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Section V
Results and Analysis of
Dissolved Air Bench Test

POLYGLYCOL TEST

The bench testing of the two brake fluids, polyglycol and silicone, was conducted as a
supplement to the field testing in Utah. The bench test directly addressed the dissolved air issue
in a quick, qualitative manner. By subjecting the fluid samples to decreased pressures in a
controlled chamber, all other variables were eliminated and only the pressure factor was
examined. In the case of the polyglycol fluid, the test failed to forcibly remove any detectable
dissolved air from the fluid (results are summarized in Table 15). This was to be expected since
the solubility of air in polyglycol is only 3 to 5% by volume. The polyglycol fluid evolved no
detectable air when contained in a flask open to the aunosphere or when the flask was fitted with
a one-way valve identical to the one on the 5-ton master cylinder vent cap.

Table 15. Polyglycol Bench Test

TEST
PHASE WITH VALVE WITHOUT VALVE

Bubbles Sample Change in Bubbles Sample Change in
Present Weight Weight Present Weight Weight

I None 49.4011 - None 30.4996 -

II 45.5 psi 49.3968 .0043 4.9 psi 30.4964 .0023
before

II 0 psi 49.3952 .0016 0 psi 30.4952 0
after

III None 49.3891 .0061 None 30.4917 .0008
before

III None 49.3884 .0007 None 30.4916 .0006
after
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SILICONE TEST

The BFS was also tested using an open flask and a flask outfitted with the one-way valve. As

Table 16 indicates, dissolved air evolving from the brake fluid was detected. In Phase I

(simulation of continuous increase in altitude), no air evolution was detected. In Phase II

(simulation of decrease in altitude), however, air evolved at 5.5, 3.78, and 2.44 psi. These

pressure values are equivalent to 24,000, 32,000, and 38,000 feet above sea level, respectively.

While air does evolve from the fluid, it is still not a problem as far as operation of military

vehicles is concerned. Although air can be forced from the fluid, the conditions under which
this occurs ame never encountered by the vehicles since they are not subjected to altitudes as high

as even 24,000 feet. Further examination of the chart indicates that the one-way vent valve does

not appreciably affect the evolution of air from silicone brake fluid.

Table 16. Silicone Bench Test

TEST
PHASE WITH VALVE WITHOUT VALVE

Bubbles Sample Change In Bubbles Sample Change In
Present Weight Weight Present Weight Weight

I None 49.5872 - None 32.3809 -

II None 49.5796 .0031 None 32.3786 .0023
before

II None 49.5788 .0008 None 32.3786 0
after

III None 49.5771 .0017 None 32.3778 .0008
before

III None 49.5760 .0011 None 32.3772 .0006
after
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Section VI
Conclusions and Recommendations

The thorough analysis of the data collected both during the field test and during the laboratory

testing leads to the conclusion that BFS does in fact perform as intended. It must be stressed
that the only function of the brake fluid in a hydraulic braking system is to transfer force that has

been introduced to the system by the driver. In this respect, the BFS is successful despite its
dissolved air content. The UTARNG has reported brake lock-up and loss of pedal as the
problems associated with the 2 1/2- and 5-ton trucks equipped with air-over-hydraulic brakes.

While the loss of pedal in the 5-ton truck was recorded and still cannot be explained completely,
the problem of wheel lock-up cannot be fully addressed in this report as no lock-up occurred
during testing and thus no data was recorded for analysis.

Although no actual lock-up data was recorded, it can be stated that the problems reported by

UTARNO were not caused by BFS. The fluid serves nly to act as a transfer medium and
cannot hold pressure on its own. The only way the wheels can lock-up is for pressure to be

exerted against the wheel cylinders. The natural tendency of BFS is to seek the lowest state of
energy, i.e., least amount of fluid pressure. Pressure can only be applied to the wheel cylinders
if pressure is applied to the fluid. This could occur if, for some reason, the fluid is prevented
from returning to the master cylinder reservoir after the brake pedal is released and the return

spring returns the pedal to its "up" position. Several misadjustments could account for this
behavior. The return spring could be slightly out of adjustment, allowing the pedal to drop and

thus partially apply the brakes even though the driver is not pressing the pedal. Another cause
could be misadjustment of the pushrod in the master cylinder. If the rod is not positioned
correctly, the opening in the reservoir could be partially blocked, preventing the return of fluid to
the reservoir. This would cause a build-up of pressure in the fluid line, dragging wheels, and
finally lock-up.

During the field test, the 2 1/2-ton truck did experience "brake failure" in that brake fade
occurred. The loss of friction between the brake linings and brake drum will occur in any brake
drum system when the brakes have been overstressed. This phenomenon is not restricted to air-
over-hydraulic braking, or a specific type of brake fluid. Although the problem occurred in the
silicone truck, the brake fade was brought on by the method employed by the driver rather than
the brake fluid. If the driver were to repeat the same actions while driving the polyglycol truck,
the same problem would most likely have occurred. This was substantiated during the
additional testing on the 2 1/2-ton trucks at Camp Williams when the drivers were instructed to
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purposely ride the brakes. When the brake drums achieved the target temperature, both trucks
exhibited signs of brake fade.

In addition to the brake failure being attributed to brake fade, the dissolved air issue was
resolved during this investigation. While air can be forced from BFS, the conditions necessary
are so extreme that no military vehicle would encounter these conditions. It can be safely
concluded that dissolved air in BFS does not prevent the brake system from performing as
expected.

While not all questions have been answered completely, nor all unexplained brake failures
resolved, the testing reported here rules out BFS as a possible cause. Further investigation of
other aspects of the braking system may be necessary to completely explain the brake incidents
that have been occurring.
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Appendix A
SAE Addendum: Air Solubility of BFS

.PROPOSED ADDENDUM TO THS SAE J1705 RECOMMENDED PRACTICE FOR

LOW WATX• TCLERWIT BRAKX FLUIDS

AIR -SOLUBTLITY

It has been reported that dimethyl polysiloxane fluid,
which is a major component of silicone based iow water tolerant
type broke fluids (SAX J1705), cen typically :cntain dissolved
air at a level of 16% i 3% by volume at standard terperatUre and
pressure. This compares with a typical level of 5? t 2% by
volume of dissolved air for glycol ether based SAE J1703 type
brake fluids. An increase in brake pedal travel may be
experienced under severe operating conditions, especially at
higher altitudes and high temperature conditions.

The term "dissolved air" (air absorbed from the atmosphere)
should not be confused with the ter, 'entrapped" or "free air"
since their effects on brake system perfcrman:e can be entirely
different. Air that has been absorbed frcm the atmosphere does
not result in an increase in fluid or system volume, whereps,
entrapped air cr free air does occupy syster *,olume and can be
easily compressed when force is applied to the system.
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"Appendix B
-Excerpt from Automotive Handbook

CAM~!•r UMI

RA PO ISWOO
Pipur¢ 510, Brarke.operolinpg MWsl oeli,.

trolling the front wheels is the ise of the brake road. On some braking systems, the pressure on
rod attached to a camshaft, with a small universal the wheel brakes is evenly distributed by various
joint above the steering knuckle pivot. A more types of equalizers. Equalizers are designed to
popular and satisfactory method employs a flex- take up all the slack in the hookup to each brake
ible steel cable connecting the end of the brake so that all brakes will be applied at the same time.
rod to the brake camshaft ]ever (fig. 510). Be- This prevents the possibility of too much presure
cause of the flexibility of the cable and its sheath, being applied to any one brake, which would lock
motion of the wheel does not affect tension on the that wheel and probably make the vehicle skid.
cable. Flexible steel cables may also be used ad. One of the main reasons why the mechanical brak-
vantageously on the rear wheels, because of the ing system has been supplanted is the difficulty of
vibration of the wheels when traveling over the maintaining equal pressure on all brakes.

Section IV. HYDRAULIC SYSTEM

296. Principlet c. Another well-known hydraulic principle is

a. In hydraulic braking systems, the pressure that force exerted at any point upon a confined

applied at the brake pedal is transmitted to the liquid is distributed equally through the liquid
in all directions. That is, if a total force of 20

brake mechanism by a liquid. To understand how pounds, including piston and weight, is placed

Spressure is transmitted by a hydraulic braking upon liquid in a jar, nid if the piston in the jar
system, it is necessary to understand the funda- has an area of 5 square inches, the imit hydraulic
sneastalsand principles of hydraulics. Hydraulics pressure is increased by 20/5, or 4 psi. This ii
is the study of liquids in motion, or the pressure illustrated in figure 512. A gage inserted st any
exerted by liquids conveyed in pipes or conduits. point in the jar mill indicate thel sune pressure

b. One well-known hydraulic principle is that of 4 psi, since the liquid transsmits the pressure
lilidic cannot be conipressed under ordinary pres- equally throughout the jar.
%ures. This mo.y be demonstrated by placing a d. Use of these hydraulic priucipl., imay be il.
weight on toIp of a piston fitted (o a jar (fig. 511). lustrated by illter(-oinecting two jars iif the same
The force of the weiglht does not chan ge tile level diameter rout in umig liquid (fig. 5"13). If j; force
of the liquid. hence, it does not diminish the vol. is exerted on it pistoli ini onie jar (tIe left jar ini
unip (r conmpress t lie liquid, fig. 513), a Iistoi plitced iii tlie other jnr will
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small piston. Thus, a mechanical advantage is
obtained very similar to that obtained from a saim-
pie lever.

p. With four jars, all of the same diameter,
connected to a central jar (fig. 515), an approxi-
rnation of the action in 4-wheel brakes itt obtained.
A force exerted on the piston in the central jar will

UM be transrmittei to each of the other jars so that
the piston ir each will receive an identical force

as
but wil a,!ve only one-fourth as far as the central
piston.

MA o im g. if the four jars have a larger diameter than
the central jar, the total pressure on each of the

Figure 511. NonwompresebilUeV of us. fowu pistons is greater than that applied to the

central one, and each of the four pistons moves less
PO N O MA ts AM m WMWthan one-fourth as far as the central piston. Hy-

iraulic brake systems operate in such a manner.

uV011 tome tloe patoeo.

receive the same amount of force, due to the trans-
mission of pressure by the liquid. When the areas Low
of the two pistons are equal, moving one piston
produces identical movement in the other piston OMA

because the liquid is not compressible and there- &VAL nOt4ALPWON To
fore maintains the same volume. 0E MU t

e. By connecting one jar with another jar which ---

has twice the diameter and therefore four times
the area of the first jar (fig. 514), the results are
somewhat different. although the same basic facts
apply. When a force is exerted on the piston in
the small jar. the piston in the large jar will re-
ceive four times as much force because the hy- RA III SM

draulic pressure acts oni four times the area. Since
the liquid will always occupy the same volume. 5 of forces draul systeFigurr" .,1k. Dtrbl.o ffre nhdoh ile

the large piston will move one-fourth as far as the ustnP different size pistone.
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Fign 51. Fur arsco"tered o aoesrQ ar.Figure 517. Diagram of hydro~lUc brake syst em.

PAO tDALgreater hydraulic pressure is built up within the
SlAK ~OMwheel cylinders and, consequently, greater force is

exerted against the ends of the shoes.
d. When pressure on the pedal is released, re-

tracting springs on the brakeshoes return the
wheel cylinder pistons to their release position,

C* AA:RWMUAIQPOALforcing the brake fluid back through~ the flexible
hose and tubing to the master cylinder.

motetCYUNM 296. Master Cylinder
(fig. 518)

mASTR CYiPMR P:TONa. General. The master cylinder housing is an
PA POIM76 iron casting incorporating at large reservoir for the

Figure ~ ~ ~ I 51.Fo ea inaet tni brake fluid. Tlhe cylinder is sometimes a unit by
masae51. ote cydliUndaer. i~~ itself, itt which case at supply tank is provided to

maete cigder.feed the fluid to the master cylinder by gravity.

297.OpertionTile reservoir carries sufficient reserve fluid to in-
297. p~ra~on ure proper operation of the braking system. It

a. In R hydraulic brake system, the force is sp- is filled through it hole at the top which is well
plied to a piston in a master cylinder that corre- sealed by at removable filler cap containing a vent.
sponds to the central jar (fig. 515). The brake The c ' linder is connected to the reservoir by two
pedal operates the piston by a linkage (fig. 516). drilled ports, a la~rge intake-port anid a small by-
Each wheel brake is provided with a cylinder pass port.
fitted with opposed pistons connected to the brake b. Pi-toti. The piston is a long, spool-like mnem-
shoes. ber with a rubber wecn!darv cup seal at thle outer

b. Tile brake pedal, when depressed, moves the end and s1 rubber primtiry 'up which acts against
piston within thle master cylinder, forcing the vthe brake liquid jutst ihtiad of t hie innmer end. This
brake liquid or fluid from the master cylinder prinuiry cup is kept ag:iinst thle end of tile pistoni
thtrough tubing and flexible hose into the four bv it rituiri spritii. A steel stop disk, held in
wheel cylinders. A diagram of a hydraulic brake thle onter end of the cvliiider 1). a retaiutter sprinlg.
system is shown ini figure 517. Alctý-s 1 it 111stol slop.01 At 111bler boot cover." thle

c. The brake fluid enters each of the wheel eyl - -itl ldo Il l~se n'i.11e to 111*evl tlldst
inders bet ween opp1 osed pistons. malking thle p is- HIMd o'll. for ueign MANI"u (I"11 VW1ii1L ~ i rtI~t. Thisý
tols miove thle brakeshoes out ward against the lXX~s is vetit e I to I' Ii'Ven t All finto hi' ttg C0in1-
brakedruni. As lpre-iure onl the pedal is iiucreasel. luesed ~iii it
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c. Check Valve. lit the head of the inaster ci I. to prevent fihe erwit11* of brake liqjuid. There is a
inder is i conibinatjolt inlet and out let check vailve light spriing bet-wen file cups~ to keel, thern its
(fg. :IS) hield in place by the pislon retutrn spring. piosittion against the jpi!-tonf. The ope ends of

Thie clieck valve conmizts of a ribhber vitlve cup in. file cylinder itre titted w%]ith rnubber Itoots it) keep
cuited hi a steel valve case which %eut~s on it rub. outl foreign inatter. Btrake fiutld enter- thle cvl-
ber valve weat thait fit~. in filie end of file cylhnder. inder frowc tht. brake. linte connect iiin bet ween the
Itt weine dvt.igti-. the check valve consists of it jpi-loelt.At the tee1. oft the clii nile. biet weell thle
sprin.ItioltttateI iiit let *IiiheP "euttel on a4 valve caige. Ipistotl.iN .1 Weltedler 114.1t flitIoeagl which :tit tý
ri-tather thean it rublie -cu i out let val ve. The prwin-
cipe 'if oerl ee r is fiitlie santie. 1Filt. pisitton retuiirn SM CWCLNCI10,5N

sp~ring~ noie'w:illv hlte fl,~te vailve cage aegainst tht.heWClt~ ~sN
rubber vatlve seatt toe seAl the brakke fluid tin the Wl
britke linte.

299. Wheel Cylinder
a. (riwraal. The "hteel cYlinder trfig. ' 1 t)

(-it lgesA I tynn1it-lli l~esirt.et to tile n ted itt incai force
t hat aict tinaly pu v filh te lentkt.slite tagaeinst thet
clreeti.. Thei l %hteel v. litider hotounýing is it cas.t
iiijg nimiiueiit on ciili' britike bacckinig pihitet. lit-ide'
t ill, c A 1i 4 0 ,Ie l ly re tile lii stiC li* v lech n it. tn e d i s

%hilehi. litt (lit, -1111t, titie'. iu-tll thee ýltuees iigeitl. flIWOed CUPD hfICN W~ING
tile' 4e1iei1;. li1e' ICC.Iene.ý lit- Ihi.Ieiu "tvtiii Illtt coll- NA ID 111407V
uiect'iire'tl 4 ii--,1 * t% t, s 'he Ales,' lnlehier eIstitil ctipi.
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ltkt* JW entirely independent of the hydaulic system, is
of the type described in paragraph 289. Whe=

- the handbrake operates on the wheels, it is usually
linked to the saae shoes that are opeamted by the
hydraulic pistons. Toggle leverage (fig. 522) is
used to apply the shoes. With this arrangement,
the shoes are applied either hydraulically by the
brake peda, or mechartically by the hand lev'er.

b. In addition to the hydraulio system, some
cars are fitted with a mechanical device designed
to sat on rear wheel brakes after the brake pedal
I=s traveleid a predetertined distance toward the
toeboard. In normal operelion, the braking aco.
tion is entirtly one of hydraulic force, the me-
chanical hookup working in connection with the
hydraulic system. With the correct qpantity of

owe'fluid in the line. and brakes properly set, the me*
-~ chanical hookup is inactive; however, if th, hy-

draulic. system fails, the mechanical linkage acts
Ftgure 520. stepped wheel condder--.evoas ectod vio as a safeguard. ThiRt mechanical hookup serves

a further use as it may be connected to the hand
released when the system is filled with brake fliud. brake lever for parking.

b. Variationi in Arrangenwia. A stepped 302. grfA* Fluid
wheel cylinder (fig. 520) is used to compensate The liquid used for hydraulic braking is termed
for faster rate of wear on the front shoe than onl brake fluid. It is composed chiefly of equal parts
the rear shoe, due to self-energizing action. By
using a larger piston for the rear shoe, the shoe i e"N"
receives more pressure to offset the self-energizing
action on the front shoe. This requires a stepped V4LCB AIU
wheel cylinder with two bore sizes. If it is do- -*

sired that both shoes be independently self-energiz-
ing, especially on front wheels, it is necessary toWO
have two wheel cylinders, one for each shoe. Each
cylinder has a single piston, and is mounted on the
opposite side of the brake backing plate from the
other cylinder. Such an arrangement is shown in
figure 521.

300. Hill Holder
The hill holder provides greater ease of vehicu-

lar control on hills and in traffic. The device is
coi~nectad to the clutch pedal and keeps the brakes
applied as long as the clutch pedal is depressed
when the car is on an upgrade, even after the brake
pedal is released. The driver is then able to use
his right foot for the accelerator pedal.

301. Handbrok* and Dual Broke System
a. The handbrake in vehicles with a hydraulicPO PW

system operateb mechuanically either on the trans- MID169
mission or transfer, or on tlLc brakeshoes of the
rear wheels. The tranismission or transfer brake, Figure 5f1 Bt,,gle-pls oni two-rylinder fllowdfispi.
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air-hydraulic cylinder, and admits air presure
which actuates this cylinder by moving an air
piston that is connected to a hydraulic piston.

A1TACSAW4 PM The hydraulic piston then applies the hydraulic
M-I O-d pressure that produces the braking action. The
V~ s" air is admitted by the action of valves controlled

by the hydraulic pressure from the master
cylinder.

b. Comtrvtiiita. The air-over-hydraulic brake
system is shown in figure 584, Air pressure is
supplied by a compresr and stored in reservoirs

"smt'1 tMXK• .. Wa as with the air brake system (pars.i 804 and 305).
The master cylinder is similar to the master cylin-
den used in hydraulic brakes (par. 298). Als,
the wheel brake cylinders and wheel brake con.

WARs struction are very similar to that used in hydraulic
brakes. The essential difference between the

M t •mstraight hydraulic brake system and the air-over-Sco hydraulic brake system lies in the air-hydraulic
oaNa tMo cylinder. This cylinder consists of three essen-

tials: a large-diameter air piston; a small-diameter
hydraulic piston in tandem with it, both on the

arm same rod; and a set of valves controlled by
RPO 184M hydraulic pressure from the master cylinder for

admitting air into the air-cylinder section of the
FPguu-e £3.3. Back adjaater---,Darfiaj CUtasIC4J vew. air-hydraulic cylinder.

exhaut port closed. When the air pres- c. OperatioR.
surexauove por closd.heg te are d by (1) The air-hydraulic cylinder (fig. 535L) em-
sure above the diaphragm is reduced by bodies an air cylinder and a hydraulic
the operator releasing the brake pedal, cylinder in tandem, each fitted with a
the brake chamber air pressura lifts the pso ihacmo itnrdbten

diaphragm, opening the exhaust port and The air piston is of greater diameter

exhausting the compressed air pressure than the hydraulic piston. This differ-

from the brake chamber. ente hydraulic piston s difer

g. Slack Adhated (fig. 588). Slack adjusters encs in areas of the two pistons gives

function as adjustable levers and provide a means greater than the air pressure admitted to

of adjusting the brakes to compensate for wear aircylinder Automatic valves, actuated

of linings. During brake operation, the entire by fluid pressure from master cylinder,
slack adjuster rotates with the brake camrshaft control the air admitted to air cylinder.
which is con.dted to the slack adjuister thmagh Thus the fluid pressure in brake lines is
the Spl-_' ier.tral hole. For brake adjustment, slways in a direct ratio to foot pressure
. "rm moves the gear, changing the position of on brake pedal. An air line from air-
the lever arm with respect to the camshaft. hydraulF cylinder leads to a trailer

"Et. ,f vehicle.
306. Air-Over-Hydraulic Brake System (2) Va:, - ,s with the amount of

a. General. The air-over-hydraulic brake eys- brake ,. --ssure, as mentioned in
tern uses the principle of the hvdrsltic brake paragraph ' .•5c. When heavy brake
(pars. 2 and 297) to operate the wheel brake cvl. pedal pressure is applied by the driver for
inders and produce brakintg action. However, the hard braking, the hydraulic pressure in
hydraulic pressure for the wheel broke cylinders is the master cylinder (which operates the
not supplied from the master cylinder. Instead, valves) causes greater valve movement,
there are two circuits. The first leads from t'e and thb(.efore the valves admit more air

"449
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PFgure M35. Adr.-hdroalic oylinder installed in vehicle.

pressure into the air.hydraulic cylinder, removing air, the pressure within a
This higher air pressure causes a stronger vacuum is less than that of the atmos-
braking action. With only a light brake phere. A perfect vacuum from which all
pedal pressure, the valves admit las air matter has been removed has no weight
pressure into the air-hydraulic cylinder or pressure. A perfect vacuum is never
and the braking action is lghter. obtainable, although it can be closely

approached. Hence, the full force of 14.7
307. Vacuum Broke System psi atmospheric pressure can never be

a. Piinciple. utilized. If air in at container has been
(1) In order to understand the principle on pumped out, or evacuated, tantil only 5

which the vacuum brake system oper. psi pressure remains, the psi differential
ates, it is necessary to kiow what a existing between vacuum pro.itare afnd
vacuum is and how it can be used. For atmospheric pressure may be ,t.ed to per-
practical purposes, a vacuum may be de- form work.
fined as a space from which air or gas (4) Vacuum is created ir the intake maiii-
has been partially exhausted, fold of an internal combustion eigine by

(2) Air, like all matter, has weight. Since the pumping action of the pistons.
air extends upward from sea level for When the vehicle is coasting in high gear
several hundred miles, the weight of this with the carburetor throttle fully cloed.
air exerts a pressure (termed awspherir , ery little air is admitted into the intake
lrreiaure) at sea level of 14.7 psi. This m.,anifold, so that the pumping action of
pressure is equally distributed in all the pistons reduces the pressure to about
directions upon all objects of the earth's r psi in the manifold. The driver's foot
surface. See paragraphc prefor a dis- is taken off the accelerator pedal when

cuasion of atmospheric pressure and he applies the brakes so that the differ.
vaicunTI.

(3) .tnaospheric pressure may be used to ence between the vacmia pressure ad

operate brakes by the creation of a atmospheric pressure (about li) pisil is

vactaunum. Since a vacuum is created by available to operate the braukes.

451
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Appendix C
BFS'Performance Test Plan

SiLucoN BRAKE FLUID PERFORMANCE
DATA ACQUISITION AT HIGH ALTITUDES

INTRODUCTION

Purpm: The purpose of this experiment is to monitor the physical properties
characteristic of an air-hydraulic brake system to determine if silicone
brake fluid performs satisfactorily under high altitude conditions.

Backpo,•d: Brake failures reported by the Utah National Guard in the January
9, 1989 memo have been attributed to the dissolution of air in the
silicone brake fluid due to the decreasing pressures experienced when
traveling to and from high altitudes. According to the addendum to
the SAE J1705 Recommended Practice for Low Water Tolerant Brake
Fluids. testing has revealed that silicone brake fluids can contain up
to 16% +. 3% by volume of dissolved air at standard temperature and
pressure. It is also known that conventional polyglycol brake fluids
contain only 3% to 5% dissolved air.

The Utah National Guard maintains that upon traveling to and from
higher altitudes, the 2 112 and 5 ton trucks equipped with air-
hydraulic braking experience problems ranging from brake lock.up to
complete brake loss due most likely to the behavior of silicone brake
fluid. These problems reportedly did not occur when the braking
system utilized conventional type polyglycol fluid. This test is
designed to collect operating data concerning the physical properties
characteristic of the brake system for both silicone brake fluid and
polyglycol fluid.

Scope: This test will attempt to chronicle the behavior of both silicone and
poiygiycoi brake fluids when used in identical vehicles actually
operating in increased altitude conditions. It is proposed that two 5
ton and two 2 1/2 ton trucks be outfitted with instrumented brake
systems. One truck in each set will contain the silicone brake fluid
while the other truck will contain the conventional polyglycol fluid.
Trucks will be driven over a predetermined course and brake system
data will be recorded.

Objective. The primary ob)ective of this experiment is to monitor how the brakes
on 2 L'2 and 5 ton trucks perform given different brake fluids and
increasing'decreasiug altitude conditions. Brake line pressures, wheel
cylinder and master cylinder temperatures, as well as brake pedal
travel wil' be measured Monitonng the pressure will indicate if a
sufficient amount of air is entering the brake system to cause failure.
Monitonng the wheel cybnder temperature will indicate the possibility
of temperatures iugh enough to cause the fuid to vaponze.
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PROJECT CONCEPT AND PROCEDURES

Concept: This field test is intended to characterize the performance of silicone
and conventional glycol-type brake fluid under actual environmental
conditions encountered at high altitudes. All trucks will be operated
through a specified course which will provide altitude variations. Data
will be collected during actual braking action then down-loaded to the
lap top PC for analysis.

Pwoced: APPARATUS ASSEMBLY(see figure 1)... The instrumentation will be
installed on site and will cnsis t of (for each truck) a linear resistor
to monitor pedal travel, four copper/constantan thermocouples, one 0-
500 psi pressure transducer, one 0-5000 psi pressure transducer. A
Campbell Scientific 21X Data Logger and lap top personal computer
will be installed just prior to testing.

The instrumented braking system will consist of a master cylinder with
a thermocouple installed through the vent valve to allow direct fluid
temperature to be monitored. Thermocouples will also be mounted
on the front and rear wheel cylinders to measure the heat generated
at the wheel site due to the braking action of the truck. Pressure
transducers will be installed in the brake lines between the mraster
cylinder and the air-hydraulic cylinder, and between the air-hydraulic
cylinder and the wheel cylinder. The data from these measuring
devices will be stored in a data logger and then down loaded to a lap
top personal computer for data reduction and manipulation. Prior to
testing at the Utah site, the instrumentation will be installed on a 5
ton truck for a trial run at Ft. Belvoir to insure that the system is
completely de-bugged and operational. After the system has been
successfully tested, the wheel cylinder bleed valve will be opened to
remove 5 cc of the silicone fluid and then 5 cc of air will be injected
into the wheel cylinder. Then truck will be operated and data
recorded to obtain a physical properties profile of a brake system
failure due to air being in the system. This will provide a basis of
comparison for evaluating the data obtained at the Utah site.

TEST METHOD ....... Once instrumented, each truck will be run over
a specified course that will exhibit all altitude conditions encountered
during normal vehicle operation. The course will be determined by
BRDEC personnel with the assistance of UTANG. The course will be
such that the truck will travel at 35 mph continuously from 4,000
feet to 11,000 feet above sea level and then back down. Before testing,
base line data will be collected at 4,000 feet to provide operating
temperatures and pressures of the system. This data in turn will
establish stabilization parameters for the tests. The brakes will be
applied a sufficient number of times to stabilize brake system
temperatures and pressures.

2
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After stabWiation, testing will occur in four phases. In the irst phase,
the truck will run the course with brake application (the truck will
come to a complete stop) occurring every 1000 feet of altitude until
11,000 feet is reached. The truck will then be allowed to stabilize
at 11,000. In the second phase, the truck will be run at a constant
altitude (11,000 ft) braking at least 7 times from 35 mph to a complete
stop. Again, the truck will be allowed to stabiliz before initiating
phase three. In the third phase the truck will descend from 11,000
feet to 4,000 braking every 1,000 feet as before.

The fourth and final phase will consist of a series of step tests. Step
testing acts as an accelerated simulation of the behavior exhibited by
the trucks when stored at one altitude then moved to another. The
trucks will travel to 8,000 feet and be allowed to stabilize. At the end
of this time, the trucks will be operated over a course that remains
at this altitude and data recorded in the same manner as previously
prescribed (braking at least 7 times). The trucks will then climb to
the final altitude of 11,000 feet and again be allowed to stabilize before
commencing braking activity and data acquisition. The same procedure
will be repeated for the decent of the truck to 8,000 feet and again
at 4,000 feet.

This test will also investigate the possibility that the configuration of
the 1-way valve in the vent caps of master cylinders installed on the
5T trucks 'for purposes of fording) is responsible for brake failures.
The 5T trucks will be run through the four test phases first with a
T-fitting that accomodates the 1-way valve and a thermocouple and
then with the old two-way valve with the thermocouple installed
through the cap. A comparison of the data collected for the 1-way
valve operation and the 2-way valve operation will indicate the effect
on brake system operation due to the valve configuration.

Daia Reduc•wn: Data will be transferred from the data logger to the PC as needed
during all three testing phases. Upon completion of testing on each
truck, the accumulated data will be reviewed to determine if testing
modifications are required. The data logger is configured to take
samples every 2 seconds for a period of two minutes after the brakes
have been activated. This will provide a near continuous measurement
of pressure and temperature. Plots of temperature, pressure, pedal
travel, altitude, and time will be generated to best present brake
system performance.

MANAGEMENT AND RESPONSIBILITIES

ReLa,onships: The Utah Army National Guard (UTANG) has requested assistance
from TACOM, Tank Automotive Command, and Belvoir Research,
Development, and Engineering Center (BRDEC) to isolate the factors
responsible for brake failures occurning in 2 VJ2 and 5 ton trucks.

3
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MW ef rCOm: Lt. Colonel John Cox
Utah Amy National Guard
AV No. 924-3612

Jmy McCauley
TACOM
AV No. 786-8450

Steve Ostman
TACOM
AV No. 78-8501

Mario Lepera
BRDEC
AV No. 354-4594

ReVoiMUbas: UTANG will provide materiel, operators, and maintenance support for
BRDEC personnel.

TACOM will support investigation of silicone brake fluid performance
by BRDEC personnel.

BRDEC will conduct testing to collect data on the performance of
silicone brake fluid.

4
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UTAH TRAVEL & TEST ITINERARY

DATE ACTIVITY

16 July Check into Red Lion in Salt Lake City

17 July Introductions to UTANG personnel and
determine actual braking course by
marking with stakes and flags

s1 July Install new brake system parts
19 July Install new brake system parts

and instrumentation
20 July Complete instrumentation of truck

21 July Begin actual data collection an ST
trucks and reduce data (1-way valve)

22 July Continue testing and data reduction
for ST trucks (1-way valve)

2' July Continue testing and data reduction
for 5T trucks (1-way valve)

24 July Convert 1-way valve to 2-way valve
and begin data collection on 5T

25 July- Continue testing and data reduction
for ST trucks (2-way valve)

26 july Continue testing and data reduction
for ST trucks (2-way valve)

=7 July Begin actual testing on 2 1/2T trucks
and reduce data

28 July Continue data collection and reduction
for 2 1/2T trucks

29 July Continue data collection and reduction
for 2 1/2T trucks

'O July Complete on-site data manipulation and

wrap up testing

31 July Return to BRDEC

1-14 August Evaluation of findings and preparation
of 4inal report

4|
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Figure 1." Compressed air system piping diagram

Key Item Key Item

A Trailer coupling M Hand control valve
B Trailer coupling cutout cock N Master cylinder
C Single check valve P Air reservoir
D Air compressor Q Air reservoir safety valve
E Horn R Air reservoir drain cock
F Windshield wiper S HydrauLic line to wheel cylir'-
G Air governor de.,"
H Windtshield wiper control valve T Hydraulic bleeder valve
J Junction block U Air hydraulic brake cylinder

K ~~ 
Ai 

.. "

K Airsuppl valve V Double check valve
L Air pressure gage sending unit W Stoplight switch

Figure 1 "Compressed air system piping diagram - legend

*Pressure Transducers w,~l! be installed i.n ".he fluid lines

as i.ndi.cated by rhe red arrows.

-6-
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8,100 ft

Big Cottomicod Canyon, Utah Ski Resort Are,

X - Presibed Stup 8,1
8,100 ft

, 7,00 ft7,60D ft

7,600 ft

76,100 ft

S~6,100 ft

5,300 ft

5,30C ft
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Appendix D
Calibration of Pressure Transducers

-and Linear Resistors Wiring
Diagrams for Instrumentations

Volt&ge Regulitor Board, Data Logger, and Instrument Book up

For 2.5 ton trucks.

21X Midrologger
1 2 3 4 5 6 7 a

.- a - a * - : + - 0 4 - a + - a * - a + - a
000 000 000 000 000 000 000 000

To Drake
Light ---- b
Switch
system

Rt. Lit. it. Mast,
Trnt. Mid. RR. Cyl.
Whl. Wh1. Whi. Rae.

mast. Tamp. Temp. Temp. Temp.
Cyl.

0 -350 F.emde.TInp

Travel
.Iducer.

Air
Hyd. Power Sw itb
Mast,
Cyl.
0 - 5000

PSI

Vehicle
Battery Box

0 0 0 0 0 0 0 0
+24v +10.lv - *2.50v - #24 - 32v -

Voltage Regulator Board
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Utak* light trigez diagram fors data 1o~getr

For 2.5 ton trucuks.

21X Microloggez

ofi twtc n h

hydraulic maater
cylinder.
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Voltage Regulator Board, Data Logger, and Instr'ument Book up with data
logger tir8ger / idle switoh.
For 5 ton trucks.

21X Micrologger
1 2 3 4 5 e 7 S

4- * - 0 + *- .- sa *-a +.- a+a *- *-a
000 000 000 000 0 0 00 000 0 00

to Idle at. Lft. at. Mast.
Data Logger Frnt. Mid. n . Cyl.

Whl. Whi. Whi. Res.
Mast. Temp. Temp. Temp. Temp.
Cyl.- -

Hyd.Power !switch

0 -0 0 -308 :"e'

P-I-

Vehicle
Battery Box

0 0 0 0 0 0 0 0
+24v - *1O.lv - +2.56v - #24 - 32v -

Voltage Regulator Board

D-.3
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Voltage Regulato, ioard 8ahei tJa

F~beglass bo1rd 6" x 3 5/" z 1110" (1) Resister, 2.4 k0 * 11 (1)

Teu'atnal Sltrip, a aonneotor (1) Voltage aegulator, 12 Volt:
lowewg & nute, 0. - 32 w 1/4" (6) JI36510/10TO3B1C (2)
3@lpeu & auts. S - 32 x 1/2" (2) ou oquivalent regulators
Wire Lug. 22 - 10 (17) Voltage leuluatero. B Volt:
Eyelet; Te~minal. for 0 - 32 Scuews (3) Jin3SJ10lO/1O76YC (3)
Fume 3/10 a.p (1) or equivalent, regulators
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lax circuit Reek vp OLegeab

To ground on
voltage regulator
board

8rake Hyd. ms. Lin. It. Lt t. it. Mast.
LItht MUs. Cyl. RUe. Frnt. IfWd. Rr. Cy1.

8. Cyl. Pod. MIl. .1-hi. MIl. F fra.

Diep. Temp. esp. Temp. emp.

-- - -- •- "-" • "

1 2 3 4 5 0 7 a

1 2 3 A

Campbell 4 5 0 3

Solentific 7 8 0 a

21X MtaroloSggr 1 0 1 D
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linear :e*istor 10520 (123) 2.63 volt supply 2500 ohms in series
*ith Z.40k oams 9.00 in. pwdal travel 0% - 0.982 volts 100%
2.30 volto

positin.or displacement output
inches volts

0 0.0000 0.007
1 0.1667 0.092
2 0.3333 0.174
3 0.5000 0.255
4 0.6667 0.339
5 0.8333 0.422
6 1.0000 0.503
7 1.1667 0.588
8 1.3333 0.670
9 1.5000 0.753

10 1.6667 0.836
11 1.8333 0.919
12 2.0000 1.000
13 2.1667 1.083
14 2.3333 1.165
15 2.5000 1.247
16 2.6667 1.328
17 2.8333 1.412
18 3.0000 1.495
19 3.1667 1.574
20 3.3333 1.660
21 3.5000 1.741
22 3.6667 1.824
23 3.83313 1.909
24 4.0000 1.988
25 4.1667 2.072
26 4.3=33 :.156
27 4.5000 2.237
28 4.6667 2.320
29 4.8333 2.404
30 5.0000 2.486

inches pedal travel u (6.828Z * volts) - 6.7055
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linear resistor 10519 (456) 2.63 volt supply 2500 ohms in series
.with 2.40k ohms 8.75 in. pedal travel OX 0 0.972 volts 10 -

2.34 volts

position displacement output
----. inches volts

0 0.0000 0.000
1 0.1667 0.075
2 0. 3333 0.156
3 0.5000 0.241
4 0.6667 0.322
5 0.8333 0.404
6 1.0000 0.488
7 1.1667 0.572
8 1.3333 0.655
9 1.5000 0.739

10 1.66o7 0.823
11 1.83M3 0.908
12 2.0000 0.991
13 2.1667 1.073
14 2.3333 1.156
15 2.5000 1.239
16 2.6667 1.322
17 2.8333 1.406
18 3.0000 1.488
19 3.1667 1.57Z
20 3.3333 1.655
21 3.5000 1.737
22 3.6667 F820
23 3.833% ./05
24 4.0000 1.9E47
25 4.1667 2.060
26 4.3333 2.1-
27 4.5000 2.23t,
28 4.6667 2.331
29 4.8333 2.400
30 5.0000 2.482

inches pedal travel - (6.7-963 * volts) - 6.2172
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I&aier" fSiStor 10522 (123) 2.63 volt supply 2500 ohms in series
with 2.40k ohms 7.50 in. pedal travel 0% - 2.27 volts 100% = 0.19
volts

position displacement output
* inches volts

0 5.0000 0.005
1 4.8433 0.088
2 4.6i57 0.172
3 4.5000 0.254
4 4.733, 0.336
5 4.1667 0.419
6 4.0000 0.500
7 3.8333 0.582
8 3.6667 0.667
9 3.5000 0.749
10 3.3333 0.833
11 3.1667 0.917
12 3.0000 1.000
13 2.8333 1.083
14 2.6667 1.166
15 2.5000 1.250
16 2.3333 1.332
17 2.1667 1.415
is 2.0000 1.496
19 1.8333 1.573
20 1.6667 1.662
21 1.5000 1.744
22 1.3333 1,826
23 1.1667 1.907
24 1.0000 1.990
25 0.8333 2.071
26 0.6667 2.15:
27 0.5000 2. 23-
28 0.3333 2.Z17
29 0.1667 2.397
30 0.0000 2.481

inches pedal travel - 8.1852 + (-Z.6057 * volts)
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linear resistor 10521 (123) 2.63 volt supply 2500 ohms In series
with 2.40k ohms 7.25 in. pedal travel 0% - 2.46 volts 1OOX - 0.22
volts

position displacement output
# inches volts

0 5.0000 0.100
1 4.8333 0.184
2 4.6667 0.263
3 4.5000 0.345
"4" 4.3333 0.427
5 4.1667 0.512
6 4.0000 0.591
7 3.8333 0.676
8 3.6667 0.756
9 3.5000 0.839

10 3.3333 0.920
11 3.1667 1.001
12 3.0000 1.086
13 2.8333 1.166
14 2.6667 1.248
15 2.5000 1.329
16 2.3333 1.412
17 2.1667 1.495
18 2.0000 1.577
19 1.8333 1.660
20 1.6667 1.741
21 1.5000 1.825
22 1.3333 1.905
23 1.1667 1.986
24 1.0000 2.069
25 0.8333 2.150
26 0.6667 2.234
27 0.5000 2.315
28 0.3333 2.396
29 0.1667 2.477
30 0.0000 2.559

inches pedal travel 7.9639 + (-.2380 * volts)
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GENISCO Model SP 500 SN. 85 - 806, 24 volt supply

position" applied output
* psig volts

0 0.0 0.010
1 30.0 0.525
2 60.0 1.019
3 90.0 1.515
4 120.0 2.023
5 150.0 2.521
6 180.0 3.031
7 210.0 3.515
8 240.0 4.014
9 270.0 4.515

10 300.0 5.025
11 330.0 5.503
12 350.0 5.825
13 0.0 0.012

PSI - -1.3841 + (output) * 0.06014
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Calibration Data Pressure Transducers 0 - 350 PSI

SENISCO Model SP 500 SN: 85 - 803, 24 volt supply

position applied output
# psig volts

0 0.0 0.033
1 30.0 0.544
2 60.0 1.052
3 90.0 1.559
4 120.0 2.066
5 150.0 2.572
6 180.0 3.079
7 200.0 3.414
8 210.0 3.530
9 240.0 4.035

10 260.0 4.370
11 290.0 4.870
12 300.0 5.025
13 320.0 5.350
14 350.0 5.835
15 0.0 0.028

PSI -3.8372 + (output) * 0.06037

GENISCO Model SP 500 SN: 85 - 805, 24 volt supply

position applied output
# psig volts

0 0.0 0.114
1 30.0 0.611
2 60.0 1.120
3 90.0 1.640
4 120.0 2.128
5 150.0 2.616
6 180.0 3.121
7 210.0 3.602
8 240.0 4.112
9 270.0 4.606

10 300.0 5.082
11 330.0 5.592
12 350.0 5.906
1U 0.0 0.110

PSI = -7.8561 + (outputi * 0.06043
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Calibration Data Pressure Transducers 0 - 5000 PSI

BLH Model SR-4 GP 5000 SNM 19383, 10.1 volt supply

position applied output
# psig millivolts

0 0.0 (..05
1 100.0 .^.70
2 200.0 1.'32
3 300.0 1.93
4 500.0 3.13
5 700.0 4. • 2
6 800.0 4.95
7 1000.0 6.15
8 1200.0 7.40
9 1400.0 8.62

10 1500.0 9. ,1
11 1700.0 10.44
12 2000.0 -.0
13 2200.0 13.43
14 2500.0 15.30
15 2700.0 16.43
16 3000.0 18.24

PSI a-16.215 * (output) * 164.842
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Calibration Data Pressure Transducers 0 - 5000 PSI

BLH Model SR-4 GP 5000 SN: 19442, 10.1 volt supply

position applied output
- psig millivolts

0 0.0 -0.38
1 100.0 0.27
2 200.0 0.91
3 300.0 1.52
4 500.0 2.70
5 700.0 3.94
6 800.0 4.55
7 1000.0 5.70
8 1200.0 6.98
9 1400.0 8.22

10 1500.0 8.81
11 1700.0 10.00
12 2000.0 11.84
.3 2200.0 12.98
14 2500.0 14.86
15 2700.0 16.02
16 3000.0 17.82

PSI = 52.279 + (output) * 164.993
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Calibration Data Pressure Transducers 0 - 5000 PSI

BLH Model SR-4 OP 5000 SN: 19393, 10.1 volt supply

position applied output
- psig millivolts

0 0.0 -0.25
1 100.0 0.45
2 200.0 1.02
3 300.0 1. 67
4 500.0 2.80
5 700.0 4.04
6 800.0 4.70
7 1000.0 5.88
6 1200.0 7.13
9 1400.0 8.31

10 1500.0 8.92
11 1700.0 10. 13
12 2000.0 11.96
13 2200.0 13.18
14 2500.0 14.99
15 2700.0 16.17
16 .000. c) 17.93

PSI = 31.005 ÷ (output) * 164.91S
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Calibration Data Pressure Transducers 0 - 5000 PSI

BLH Model SR-4 SP 5000 SN: 51823, 10.1 volt supply

position applied output
* psig millivolts

0 0.0 -0.25
1 100.0 0.49
2 200.0 1.05
3 300.0 1.63
4 500.0 2.84
5 700.0 4.05
6 800.0 4.67
7 1000.0 5.86
8 1200.0 7.11
9 1400.0 8.34

10 1500.0 8.90
11 1700.0 10.15
12 2000.0 11.93
13 2200.0 13.14
14 2500.0 14.99
15 2700.0 16.11
16 3000.0 18.00

PSI = 29.234 ÷ (output) * 165.127
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Pressure Transducers, 0 - 30 PSI 0.5%

2.5 ton truck poly glycol transducer SN: 05-805
.12 volt supply PSI - -7.9561 + (output) * 0.06043

2.5 ton truck silicon transducer SN: 85-803
12 volt supply PSI - -3.8372 + (output) * 0.06037

5 ton truck poly glvcol transducer SN, 85-806
12 volt supply PSI - -:.3841 s (output) * 0.06014

5 ton truck silicon transducer SN: 85-803

12 volt supply PSI - -3.8372 + (output) * 0.06037

Pressure TransducerS, 0 - 5000 PSI 2 X

2.Z ton truck poly glycol transducer SN: 19442
10.1 volt supply PSI a 52.279 + (output) • 164.993

2.5 ton truck silicon transducer SN: 51823
10.1 volt supply PSI a 29.234 + (output) * lo5.127

5 ton truck poly glycol transducer SN: 19393
10.1 volt supply PSI a 31.005 + (output) * 164.919

5 ton truck silicon transducer SN: 19383
10.1 volt supply PSI m -16.215 + (output) * 164.842

Displaceecnt Transducers, Linear Rosistor

2.5 ton truck poly glycol transducer SNi 10521 leads: (123)
2.63 volt supply, 7.25 in. pedal travel 0% - 2.46volts 100%
0. 22vol ts
inches pedal travel - 7.9639 + (-3.2380 * volts)

2.5 ton truck silicon transducer SN: 10522 leadss (123)
2.67, volt supply 7.50 in. pedal tra.'el 0% - 2.27volts 100%
0. 19voI ts
inches pedal travel - 8.1852 + (-3.6057 * volts)

5 ton truck poly glycol transducer SN: 10519 leads: (456)
2.63 volt supply 8.50 in piston travel 0% a 0.972volts 100%
2..34vol ts
inches pedal travel m (6.3963 * volts) - 6.2172

5 ton truck silicon transoucer SN: 10520 leadss(123)
2.63 volt supply 8.75 in piston travel 0% a U.982volts 100%
2. ,Ovol t2
inches pedal travel a (6.8293 * volts) - 6.7055
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Appendix E
Software for Data Logger
and Lap Top Computer

6 JUL 8g
TQD (3)

CODES FOR ThE MICOLOGagE

This program performs an upper limit checking on channel I. As soon as
channel 1 goes HI, it will activate the sampling of other channels
every 0.2 SECOND INTERVALS for a period of 12 SECOND, then it returns
to the main loop.

*1A I Begin Program Table 1

01:P , Execution time (in seconds. .2 sec is
specified, Can be chanxed)

Instruction 1 1: (Checking br&ke light: Channel 1)

2A I Differential Voltage

01:1A ! 1 repetition
02:15A I Range (5 V. fast)
03:1A I In channel
04:1A I Store to location U

05:1A Multiplier
08:OA I Offset

Instruction 0 2:

B9A I If X )a F

01:1A I Input location
02:3A I Comparison code
03:2000A 1 2000 mvolts, gan be chanigd
04:30A I THEN DO

Instruction 0 3:

BOA I DO

01:IOA I Set output flag

Instruction 9 4:

77A I Real time option

01:I1IA I Day.Hour.Min.,ec

Instruction 0 5:

87A I LOOP
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2

01:1A ' Delay
02:80A , Number of iterations

Instruction • 6: (Take reading, channel 1: brake light)

2A I Differential Voltage

01:1A 1 1 repetition
02:15A I Range (5 V. fast)
03:lA I Channel
04:lA I Location S
05:lA I Multiplier
08:OA Offset

Instruction • 7: (Take reading. channel 2: air hydraulic pressure)

2A I Differential Voltage

01:1A I ! repetition
02:12A I Range (15 mV. fast)
03:2A I Channel
04:2A 1 Location 0
05:183DgA I Multiplier
06:28DQSA ! Offset

Instruction * 8: (Take reading, channel 3: master cylinder pressure)

2A I Differential Voltage

0l:iA I repetition
02:15A I Range (5 V. fast)
03:3A I Channel
04:3A i Location •
05:DO604A I Multiplier
06:3D837CA I Offzet

Instruction 0 9: (Take reading, channel 4: linear resistor)

2A I Differential Voltage

0l:1A 1 1 repetition
02:15A ! Range (5 V. fast)
03:4A I Channel
04:4A I Location 0
05:1A I Multiplier
08:OA I Offset

Instruction 0 10:

17A I Reference temperature
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3

Ol:lA I Location 0

Instruction 0 11: (Take readings, channels 5-8: temper&tures)

14A I Temperature measusementu

Ol:4A I Repetition
02:13A I Range (50 mY, fast)
03:5A I In channel
04:lA I Thermo couple type
05:15A I Reference temperature
08:5A I Location 6
07:ID8A Multiplier
08:32A Offset

Instruction * 12:

BOA !DO

O1:lOA I Set output fl&g

Instruction 0 13:

70A I 3AMPLE
01:8A
02:lA I Location 0

Instruction 0 14:

95A I END

instruction * 15:

95A I KND

a5A I Set time

05.XXA g Enter current year (EX: 89A)
05:XXXA I Enter current Julian day
05:XXXXA I Enter current time HHMM

*0 1 End of the program

Note: The 21X can store up to 19328 data in its final memory. There
are 544 data per brake application. Therefore, THE MAXIMUM NUMBhR OF
BRAKE APPLICATION ALLOWED IS 35.
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1 REM BRAKPE FjID PROZRAM, wr:tter vy -ion Duong, 9 Jun e-
2-OPTION LIST SUB CPT::N L:ST FOR 5 SE7 CASE CFF
Z Fz -r CRS(:Z2 ): D"~r:7: ; 0'ýO M~en"~
4 IF Flagq- TI-ENLRETULRN
5 GOTO 16.) 1 F1 - .oad a cata ille
8 IF Flag-! WHEN RETURN
9 0OTO 1040 ! F2 - Display data

12 IF Flag-l THEN RETURN
13 S0TO 1310 ! F3 - Get a copy of a oata file
16 IF Flag-i THEN RETURN ! F4 - Plot a customized file
17 Flag - 4
18 SOTO 1540
24 IF Flag-l THEN RETURN
25 OTO 340 F6 - Retrieve data from the Microiogger
29 IF Flag-l THEN RETURN
29 C0TO 1750 F P7 - Generate graphs
76 GOTO 4140 Shift F9 - Quit the program
80 S0TO Menu ' Shift F10 - Return to main menu

100 Start:
110 SET KEY ON
120 FOR I - i TO 500 : NEXT I
130 Screensaver - Screensaver*1
140 IF Screensaver>1500 THEN CL.EAR
150 S0TO 120

160 REM LOAD A DATA FILE
170 CLEAR D PRINT "LOAD A DATA FILE"
190 PRINT ,Im..=inminiinmmminm- : PRINT
190 PRINT "This will erase the current file in use&"
200 INPUT PROMPT "Are you sure you want to do this (Y/N)? ":Choice$
210 IF Chcice$-"Y" OR Choice$-"N" THEN 230
220 SOTO 200
230 IF Choice$='N" THEN G0TO Menu
240 PRINT ! ;NPUT PROMPT "Enter rame of the data 4ile? "'NFS
250 ON ERROR 102 SOTO :-20
280 OPEN #!3N#S,'R"
270 ON EOF(I) GOTC ,30
280 READ #1i:-cates,Tt$,Secx
290 FOR I = " TO 60
ZOO REA #::Bon,X: ,X2,X3;,X4,X5,X6,X7
7:0 NEXT
72 0 OTO 250
.. , CL.Oss = : G700 Menu

740 REM RETI6E5V DATA FROM M.1RCL3OGER
:50 CLEAR : PRINT "RETRIEVE DATA FROM MICROLOGGER"
360 PRINT 11inuminmimminmlum=" PRINT
370 INPUT PROMPT "Are you sure you want to do this (Y/N)? "iChcicet
3'0 IF CmoicevS"Y1I OR Choice$-"N" THEN 400
390 OTO Z70
400 IF Choica.$"N" THEN GOTO Menu
416 PRINT '`7'7 Connect the Micrologger throuoh the RS-232 interface tz"
420 PRINT " the computer via COMI (Communication Port # 1)!" : FF.%
430 PRINT "-- Set the baud rate of 1200 bits/so= by entering"
440 PRNT .. .... *4AIAIA ". on tne MICROLOGGER." : PF..IT
450 INPUT PROMPT "-.> Name a f41e for your data' ":NV : ORIN-
460 PR!NT "' The total nun;er of data points is always a mutiý:e"
470 PR:NT c cf E44 for this !oiIcat:o•'"
420 INPJT O!•PT "..: Ente- total number Df data points- ":\,.'c-
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490 PRNT `119 Th r-Vý data Pc:rt -s net ~~u&
500 PRINT tle FIRaT cat& point %ot) ''S N
5!0 PRINT - :m~tiate the DUMP =cmmana on te M::RZ3:GER nv onto-.-;,
520 P-RINT"* !'' *49A (4rom zme n-t c~, A (to zr* on-tm cmt) AIA
E30 OPEN, *1:'"om1 " , 1R1
540 Tn.FS NfS & "I.ASC" ;OPEN *2tTrfs,-W"
.550 Nba Ndp/544 o+~ brake application~s
560 FOR K m I 7C Noa
570 INPUT *ItC$
580 PRINT 021 CS
590 FOR I- 1 TO060
600 INPUT *1:AS,BS
410 PRINT *2:A*;11 ";BS

-.- 20 NEXT 1

630 NEXT K
640 CLOSE 01 : CLOSE *2

650 REM SEPARATION OF DATA
660 Sn - I : OPEN *!zTnfS,"1R"
670 ON EOF(1) SOTO 1020
690 OPEN *2zNf$,"W'
890 INPUT *1:C*
700 Julian$ SESS(CS,11,10) :JulianS -SEGS(JulianS,4,6)
710 Julian V AL(Julian*)
720 GOSUB Jullanday
730 Tts -SEGS(CS,21,10) :Tt* - SESS(Tt*,4,4)
740 Sect SEG*(CS,31,10) Sec* - SEGS(Sec$,4,4)
7$0 IF Bn>-10 THEN 790
760 BSn - STRS(9n) BSi' REPSC'"I,191 : Bs = 110" & b-mS
770 SOTO 790
780 Bn* - STRI(Sn) :Bns -REPS('-,1,1)
790 Bn-fS - N+* &t ".Bl" & Esi'
900 OPEN *5xSn+9qW"
810 WRITE *3:TdateS,Tts,Sec*
920 WRITE #2zTcatvx,Tt$,Sec*
eZ0 FOR I- 1TO 60
840 INPUT 0slAS
850 Sons - SESS(AS,1I,10) Benzs SEGS(Pons,7,7) Ben VA- Bn
ebo IF Son'- 1000 THEN 99?0

870 Son 0
950ý GCTC 900

QC'0 Place -2
R i i T 0 7

S SE 3T ( Ar ,a ce - ,1C 3 z ='Z.r 77 E
5ZO 1F S<-0 THEN P 0

9LO DC:5- 6

950 Place 0 Place+10
960 NEXT J
9?70 WRITE :o Dt)D),rD4DrcJE7
990 WRITE *2s~an,DE1),Dr223,Drl3,DC43 4D[51,D[6,D[73

*Q90 NEXT7 I
!000 Bm - Bn+1 CL-OSE #7
1010 SOTO 690'
1C20' CL35E C': CL.CSE 02
: (.,: CZTOr ---..

1040, REM DISF'LAY DATA
I.050 IF N-Fl" ' THEN 1070
1060 CCTO 11U0



07.~ C'EAR -ýR!.% "ýISP...A v ATA"I
180 PRINT "aammuammmnin" : J
1090 1NOLjT C"kOM7 "IM-iOer 'M, 0+ the data file? "'Nf*
1!00 ON ERROR IO:.GcTo '520
::10 OPEN #11N+$,"•"
1:20 ON EOF(') GOT: :270 : Count - 0 : CLEAR
4ZO READ *ltTdate$,TtS,SecS
1140 PRINT USING l280iTdatcS,TtS,SecS
1150 PRINT USING "5XFA":HS
1160 FOR I - 1 TO 60
1170 READ #liBon,XqX2,X3,X4,X5,X6,X7
1180 PRINT USING 1290:BonXI,X2,X3,X4,X5,X6,X7
1190 Count - Count+1 I IF Count>20 THEN 1220
1200 NEXT I
1210 GOTO 1130
1220 PRINT ; INPUT PROMPT "More data (Y/N)? ":Choices
1230 IF Choice*-"Y" OR ChoiceSi"N" THEN 1250
1240 GOTO 12201250 IF Choice-"N" THEN SO1TO Menu

1260 Count - 0 I CLEAR : GOTO 1200
1270 CLOSE *1
1280 IMAGE 5XGAX4AX4A
1290 IMAGE 5XID5X7(4D.2D2X)R
1300 GOTO Menu

1310 REM PRINT OUT OF DATA
1.20 IF Nf$ I... THEN 1340
1330 SOTO 1380
1340 CLEAR : PRINT "OBTAIN A COPY OF A DATA FILE"
1350 PRINT "I=:=:=.==:=:=:==::===:.=" PRINT
1360 INPUT PROMPT "Enter name of the data file? ":NfS
1370 ON ERROR 102 GOTO 1520
1380 OPEN #1:Nf$,"'R"
1390 ON EOF(1) GOTO 1500
1400 OPEN #2:"PRN","W"
1410 READ #1:TdateS,TtS,SucS
1420 PRINT #2 USING 1280:TdateS,Tt$,Sec*
1430 PRINT 02 USIN3 "5XFA":H$
1440 FOR I - I TO 80
1450 READ #::on.X!,X2,XZ,X4,XE,X6,X7
14O0 PR:NT #Z I.SING 1290:B n,X1,X 2, XZ,X4 ,X5,X6,X7
!470 NEX- :
:480 ýRNT #2:74S
:49r 30-C 1 A1.':

:500 F'R:NT 02s=ff : ZLOSE #1 : CL2SE #2
:=:O GCTC Menu
15271 -=' ERRO A.. : SOUND "t9003;" : PRINT "Fi'e doe3 n- t ;:ist"
.530 GOTO Memi

:540 REM PLOT A DATA FILE
1550 CLEAR : PRINT "PLOT A CUSTOMIZED FILE PREVIOUSLY SAVED"
.561) PRINT :::::::::::::::::::::::::::::::::::::: ':" * F'F.INT
:570 r'RINT "File must be creviously created, customized, and saved'"
i5eo IPLrT PROMP- "Are you sure you want to do this (Y/N)? ":Choices

:tcl :F Choice.f"Y" OR Choice$-'"N" THEN 161*
Z:00 GOTO 1580
i;;' :c Choi=er="N" -IEN Menu
6::;:. INNPUT 'rRFT "Enter nams of tne file: ":Nf$

:•4u 2N ERRZ 0 3 :T': .'r:0
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:650 OPEN 02: Nx. R'
1660 READ 02:xja: o.'M X:NdP1,YCNCP3
1670 READ #2za,:.S.3h2Z,,h3XXlbls,VYbS
:ieo READ . CLOSE #2
":69C GCSUB C-aph•.
:700 C•EAR ; :NPý7T PROMPT "Got a copy of the grapr. (Y/N)? "1Choxce*
:710 IF Choices-"V"' OR ChoiceS"N°' THEN 1730
1720 GOTO 1700
"1730 IF Choicee-"N" THEN Menu
1740 SOTO 3940

1750 REM DATA FOR GRAPHS
1760 Oh1$ . : 8h2$ - " " : Gh3S - " " Xlbl$ - " ibYi - "

1770 Brake - 0 1 Goption - 0 1 Flag - 1
1780 CLEAR PRINT "GENERATE GRAPHS"
1790 PRINT "--u--"mu--.-"" : PRINT
1800 PRINT "Source of data:" : PRINT
1810 PRINT "(1) Will be entered at the key board."
1820 PRINT "(2) From a file previously created and saved in Steps (1 or
1830 PRINT "( 3 ) From a brake application * n th."
1840 PRINT "(4) Return to main menu.'" PRINT
1950 INPUT PROMPT "Your selection: " ALTER "4":Choices
1960 IF ChoiceSin"1" OR ChoiceoS"2" OR Choice$-"3" OR Choice$="4" THEN :23o
1870 GOTO 1750
1880 Choice a VAL(ChoiceS)
1890 ON Choice GOTO 1910,2080,2190,1900
1900 GOTO Menu

1910 REM KEY BOARD
!920 CLEAR ; PRINT "ENTER DATA POINTS"
1930 PRINT "u '-'.,,,,",,,,,,,, ' : PRINT
1940 INPUT PROMPT "Enter # of data points? ":Ndp PRINT
1950 IF Ndpul OR Ndp>mi001 THEN 1970
1960 GOTO 1990
:970 PRINT "Limit from 2-1000 data points! Retry" PRINT
1980 TO07 1940
1990 DIM X[Ncp':,YNdp]
2000 =OR I - I TO Ndp
-C10 PIN- "X";I;"), Y(";I:"); INPUT xcI;,Yr:]
202V IF XZI:<O OR YEI]<0 THEN 2040
20:7 GCO T 2060
2040 PpRI.'T "Restriction: XY> C' Retry" : F',:NT

-050 0TcO 2Q10
2,-)bC, 'NE xý .
C07,: GSTO :_S

2') 3 ' REM FROr A DATA F:LE
200(, INPUT PROMPT "Enter name o4 the data +ile" ":Nf$
2100 NS In Nit & ".MAN"
2110 ON ERROR 102 GCTO 2450
2120 OPEN #5:Nf%,"R"
-."170 READ #5:Ndp
::, 4( DIM X-Ndo3,Y[Ncp.
150' READ 5

=1&,') READ #5;.Lr,Lh,L%',UvX,Y 2CLOSE #5
=!7: , S0SLE' arazhi
: :SO GCTO 744":

2190 REN' E,;ýi E AF-''L:CA-T :ON
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2210' ZM
2-20 -lz?-. -&INdz7:.dp , N=P. .
2230 X.-0 ; Y - C: :2 C-0 C C4 ; C5 0
22A0 C7 - 0 1 Ca W,0
2250 INPT PROMPT "Enter name :-- tie ., a fi'.e- "7 N-c
2260 INPUT PRCMPT "Enter the .ra~e application nummer? ":Bn
2270 IF Bn>=O CR Bn-,!5 THEN 2290
2280 SOTO 2260
2290 INPUT PROMPT "Enter time r'terval between readings (in second)7 :• =
2300 FOR! -1 TO Ndp : X1I3 - I*Rate : NEXT I
2310 Bn$ a STRS(Bn) : Bns - REPS(.. ,1,1)
2320 IF Bn>-10 THEN 2350
2330 SnS a "01 & Bn$
2340 SOTO 2350
2350 ON ERROR 102 SOTO 2450
2360 Nf$ - N4* & ".B°" & BnS
2370 OPEN #5:Nf$,"R"
2380 READ #5tTdate$,TtS,Sec$
2390 FOR I - 1 TO 80
2400 READ *51Bon,X1,X2,X3,X4,XE,X6,X7
2410 CIEI] - Son : C2IJ a Xl C3I] = X2 C4:I] 3 XZ 51) =
2420 C&[I] - X5 : C7[I1 = X6 CSEI1 = X7
2430 NEXT I ; CLOSE 0Z
2440 SOTO 2470
2450 OFF ERROR ALL : SOUND "t9003g" : PRINT "File does not exist'" ISLE:
2460 SOTO 1750
2470 CLEAR : PRINT "GRAPHS FROM A BRAKE APPLICATION"
2480 PRINT " I PRINT
2490 Decisions - "12:456789"
2500 PRINT "(1) Brake or/o+4."
2510 PRINT "(2) Air hydraulic pressure."
2520 PRINT "(3) Master cylinder pressure."
2530 PRINT "(4) Linear resistor."
2540 PRINT "(5) Front wheel temperature."
2550 PR.NT "(6) mioale wheel temperature."
2560 PRINT "(7) Rear wheel temperature."
2570 PRINT "(8) =lu*o temperature."
2580 PRINT "(9) Return to previous menu." PRINT
2590 INPUT PROMPT "Seleat the Y() data: " ALT( "9":Chmice$
2.600 FCR I - : TO 0
2610 I• £ S a (Decis;on*.I,1)
2620 IF ChoiceZ< ,It THEN 216E
2630 =o:und a 1
-640 EX:T
2650 NEX- i
2660 IF Founc=j THEN 262(l
2670 30T0 2470
2680 Choice - VAL(ChoiceZ
2690 ON Choice GOTO :700,2720,2740,276O,:780,2800,s82ý,:840,:86O
2700 Y a C1
2710 GOTO 2550
2720 Y - C2"
27:0 GCTO 2850
2740 Y - CZ
:750 GOTO 2•50
2760 Y - C4
=770 GOTO 235G
2780 Y - C5
279(' GOTO 29!7(
=8O0 Y - C6



rti - --•J• :. .. .

2820 Y - C?
2830 30TO 2850
2840 Y' CS
2850 GOTO 2a60
2860 Brake a Q
2S70 SOTO 1750

2880 REM GRAPH SCALES
2890 CLEAR I PRINT "GRAPH SCALES"
2900 PRINT "1--annm---" : PRINT
2910 INPUT PROMPT "Do you prefer an auto scale (Y/N)? "iChoice$
M920 IF ChoiceS"Y" OR Choice$a"N" THEN 2940

2930 GOTO 2910
2940 IF Choice$S"Y" THEN 3040
2950 PRINT UX & Y RANGES" I PRINT : PRINT
2960 PRINT " ---- smamm= "
2970 PRINT "ENTER THE X-RANGE:"
2980 INPUT PROMPT "Lower Limit: ":Lh
2990 INPUT PROMPT "Upper Limit: "'Uh PRINT
3000 PRINT "ENTER THE Y-RANGE:"
3010 INPUT PROMPT "Lower Limit: "sLv
3020 INPUT PROMPT "Upper Limit: "sUv PRINT PRINT
3030 GOTO 3260

3040 REM MIN & MAX (AUTO SCALE)
3050 Lh X X13 Uh - XE13 ; Lv Y Y[:] Uv = Y1l3
3060 FOR I - 1 TO Ndp
3070 IF X[II>iLh THEN 3100
3080 Lh - XE13

3090 SOTO 3110
3100 Lh - Lh
A'1O IF X[Ir>-Uh THEN 3140

3120 Uh - Uh
3130 GOTO Z150
.140 Uh - X:Io

Zif(C NEXT I
4:60 FOR I a 1 TO NCp

-'70 :F Y:!I..=Lv -HEN Z200
7180I Lv = Y:::
7-';90 G -0 :2:0
7:(:'!:m Lv '_v

LV3220 ,v = y

25 NEA "
Z= I.%P ": 'o you w-5n tO crea:e/mocify hea&xrs & labels (Y/N)? ":Cc:
:270 IF C1oiceZS"Y" OR Choice$="N" THEN Z290
.:s0 GOTO =260

7290 IF Choicef="N' THEN 7430

.70' REŽ HEADINGS & L.ABELS
7-1:0 CLEAR : PRIN- "GRAPH TITLE, SUP-TITLES, Y P Y LABELS"~.: RZ~'==========2==== == === === == ===~=' F' PINtC!: PR.,NT "== == ===

..77 r'RINT '*.. You car enter :1 nes o9 text (bO ch#'/line)."
7_740 PR!NT " P.'-eso- Retuern 4or a an:r l:nO. ' FRT

0 -5C r:IN- "Main Tltle:" ;NPUT LINE S31-
*7-: PNT "S'•-T:te #:: INP-T L:NE Gh•,P=X
-77(: PRIN %' "2tb-T_-t~e #2:" INPUT LINE Gh.X:PRN
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:39C PR:%,T I 'X v -APELS"

3390 PRINT 'immmm=mmuin" PRN-
3400 PRINT "'Ener X-Lazae (60 criar):" . I4uT ' :.' Xlb.S
3410 =RINT "Enler V-Label (20 :Var':" b:NPLI LN:E Yvb:

3420 RE-ý l7'-0 GRAP-i:

3430 GOSUS Gra&hl

3440 REM GRAPH OPT:ONS
3450 CLEAR ; PRINT "GRAPH OPTIONS"
3460 PRINT --- um=o---" : PRINT
3470 PRINT "(1) Replot the previous graph."
3480 PRINT "(2) Reset X,Y ranges, then replot."
3490 PRINT "(3) Modify headings and labels, then replot."
3500 PRINT "(4) Send graph to printer."
2510 PRINT "(5) Send graph to plotter."
3520 PRINT "(6) Save the graph to a file."
3530 PRINT "(7) Return to previous menu." : PRINT
3540 INPUT PROMPT "Your cnoxce: " ALTER "7":Choice$* PRINT
3550 Decisions - ":234567"
3560 FOR I - I TO 7
3570 IS - SEGS(Decision$,I,l)
3580 IF Cho~ce&S>IS THEN 3610
3590 Found - i
3600 EXIT
3610 NEXT I
3620 IF Foundal THEN 3640
3630 GOTO 3450
3640 Choice - VAL(ChOice$)
3650 ON Choice GOTO 3660,3680,3870,3950,4050,4060,4120
7660 GOSUB Graph!
3670 GOTO 3450
36SO CLEAR : PRINT "NEW X & Y RANGES"
3690 PRINT "-u-mm-mm---" : PRINT
:700 PRINT "(1) X Range only."
3710 PRINT "(2) Y Range only."
3720 PRINT "(3) Both X ano Y Ranges." : PRINT
3730 INPUT PROMPT "Your choice: " ALTER "2":Chcice% : PRINT PR:NT
3ý740 IF C~~ei""OR Choice1-w"-" CR Choc&:ce-"3" THEN 7.760
3750 30-TC '6O
7760 Choice = VAL(Cho~ceS;
:770 =N Cr~cce SOTO 3780,Z820,:78('
Z78C; rRINT "ENTER THE X-RANGE="
7790 INPU- 'RCMPT 'over L;mit: ":
3800 :NPUT PR0!:=T "Upper Lim:t: ": -RIN-
Z810 !F CmoiCe1 THEN ZBE0
3820 PFRINr "ENTER -:! Y-R4NGE:-
3830 INPUT PROMPT "Lower Limit: ":Lv

3840 INPUT PROMPT "Upper Lim:.t: ":Uv PRINT PR:NT
3850 GOSUB Graphl
3860 GOTC 3440
3870 CLEAR : PRINT "MODIFY HEADINGS AND LABELS"
7990 PRINT " PRINT
789C0 INPUT PROMPT "Are you sure yci want to do ti:s (Y/N)? ":Clcicel
7900 IF ChoiceS%"Y" OR Choice$-"N' THEN 3920
3ý91(, SOTO Z990
3920 IF ChOicefi"N" THEN 3440
3970 GOTO 3:00

194C REM S;•:- TO FR.NTER
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7c5 Go=t=ti a 2 3 • "ST 3 Di OEVZ "IMDOOI"

3960 85r 9RAPH 2.0 SET 3RAPi 0,810 : SET GRAF'. :,720
3970 SET SRAPH4 'Dzv:::":MF
3980 6OUB 3rapn:
3990 EZDpy
4000 SE- GRAPH DEVIZE
4010 OPEN 2:"PRN","W" P:NT #2:tFf*,FPS CLOSE *2

4020 IF Flag-4 T1EN Menu ! From (F4)
4030 GOTO 4120

4040 REM GRAPH TO PL0OTTER
4050 PRINT "Not available!" . SLEEP 1 : GOTO 3450

4060 REM SAVE GRAPH TO A FILE
4070 PRINT : INPUT PRCMPT "Enter a file name: ":Nf$

4080 N4* w Nf$ & %.MAN" : OPEN *5iN4S,"W"
4090 WRITE *5tNdp
4100 WRITE *5:Gh1$,Gh2$,GSh3$,Xlbl,YlblS
4110 WRITE #5:Lh,Uh,Lv,Uv,X,Y CLOSE #5
4120 IF Brakeal THEN 2470
4130 GOTO 1750
4140 END ! End of main program

4150 REM JULIAN SUBROUTINE
4160 Julianday:
4170 DIM Mth[12] ! Yys - DATE Yy$ - SEGS(Yy$,8,2)
4190 Yy - VAL(YyS) : Leap - MOD(Yy,4)
4190 IF LwapaO THEN RESTORE 4220
4200 IF Leap>O THEN RESTORE 4210
4210 DATA 31,28,3 0,31,30,31,Z1,30,31,30,31
4220 DATA 31,29,31,10,31,30,Z1,31,30,31,30,31
4230 READ Mth
4240 Days - 0
4250 FOR I I 1 TO 12
4260 IF Julian<iDays+Mth[I] THEN 4290
4270 Days - Days-MthI2
4280 GOT0.4Z70
4290 Tmth - I ! Tday - Julian-Days
4Z00 TmthS - STRS(Tm~t) Tmth$ -
47 1 C, dayS STRZ(Tday) Tcday* - REPs C""',
4720 I= Tmzh,>9 THEN 4340

A:, , 0 Tmtrv5 - "0' *5 TentniJ
4'40 I Tday'9 THEN 4Z6O
A-35:' Tda4, = "0" 1. Teay$

4-70 NEXT
AZ30 Ttat*X Tmt"%:5 t. "/" & 71a-yS & '/" 9, Yys
4790 RETURN

4400 REM GRAPH! S.JROUTINE & SELECT VIEWPORT AND WINDCW'
4410 Graphi:
4420 CLEAR : Xint - (Uh-L )*::. Yint (Uv-Lv)*O. "
43rj SET V!EWF'RT 2E,1i0,15,80
4440 SET WIND2w Lr '-,) , _v .LUv

4450 REP' A)(S ?, -,:: rA.A;K1S
44-:) SET L:NE :C.:_1 :I L:gnt cyan
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4490 REM :0 -4 R " 'VIEWiPLR7
4500) SV7'-a NT 2' im rec

4510 PLOT XY
4 0 SE2 VtEvi-0,:4S,-,10Z5
4f70 SET W!NDCJ O,'S.0,100
4540 SET TEX7T SiZE 2",
4550 XO$ - STRPSLh) XOS - REPt...,*,1)
4560 M:: a * XS5 - STRt(Mx) : XS * E( .. )
4570 E;: - Xint*10÷+Lh X105 a STRS(EN) : X10$ REPS(.'..11)
4580 Y$S - STRS(Lv) YO$ - REPf(...,1 1)
4590 My - Yint*5+Lv Y5$ - STkt(My) ; Y55 - REP*('..,1,1)
4600 Ey a Yint*l0÷Lv V Y105 - STRS(Ey) ' Y10$ - REPS(...,1,1)
4610 SET TEXT COLOR 11 1 Light cyan
4620 MOVE 25,11 PLOT TEXT USING "5A"iXOS
4630 MOVE 81,11 PLOT TEXT USING "5A":X5X
4640 MOVE 137,11 PLOT TEXT USING "5PAzXIO$
4650 MOVE 16,15 PLOT TEXT USING "5A":YO$
4660 MOVE 16,47 PLOT TEXT USING "5A"aY5$
4670 MOVE 16,78 PLOT TEXT USING -5A":YlOs

4690 REM DRAW LABELS
A690 SET TEXT COLOR 14 SET TEXT ALIGN 3,Z ! MOVE 94,S.5
4700 PLOT TEXT Xlbl$
4710 SET TEXT ALIGN 0,0
4720 SET TEXT PATh 3
475ý MOVE 10,78 : PLOT TEXT YlblS : SET TEXT PATH 0

4740 REM DRAW HEADINGS
4750 SET TEXT AIGN 3,Z I SET TEXT COLOR 13 I Light magenta
4760 MOVE 74,92 I PLOT TEXT Ghl$
4770 MOVE 74,8C PLOT TEXT Gh2$
4780 MOVE 74,84 PLOT TEXT Gh3$
407 0 sET ?EXT ALIGN 0,0 ; SET L!NE COLOR 9 1 Light blue
69O0 MC-vE 5,5 : RDRAW 147,0 ! RDRAW 0,90 : RDRAW -143,0 : RDRAW 0,-90

42C.: Gopti:r'2 THEN 4930
AS'20 PN;Ul 'R0?1PT "Fress Return key to -tiue..." ALTER
4930 Goztion v 0
4840 SET TEXT =I..R 15 ; SET LiNE COLOR 15
48ý0 RETURN'

RE -
ze7ý. men,::

48S0 -3,\AF ,,,(:iXS:NG ".X*":** .*****e .* **** NTF"
4291: PA,• N-S:Na '×F"' 51AE•E='D TEET:N5%. P'RLGRA!,*

1'': PRINT " -SE T A FuNC:ON KEY; 'RiNT
- .=:: -, r (F:' -OAD A DATA .

'1,70 FR1NT CF":) 05PLAY DATA ON SCREEN%,
4190 ;RINT "(F7) GET A COPY O0 A DATA F.LE."
4950 ,RFN? (F4) PLOT A CUSTOMIZED FILE PREVIOUSL.Y SAVED !N (F7).
4960 P' INT " (F6) RETRIEVE DATA FROM THE MICRCL.OGGER 2:X.
4970 PRINT (F7) OENERATE GRAPHS."
JLC' P'INT '"SF (c9) QUL7 .'E F'RCGRAM.'
499C) PcRIW7 SH.F7 (FIG;0 RETURN TO MAIN MENU."

50i) HS - "R.41 'E z AHYD P MC"L L RES F W~ L • W •H"

'f 01 HS - HZ f " FLUJD"
.,0-) N45 .. Ss-efrsave• = 0 ; Flag= 0
to-:,) GC-O StErt

i : •' , - I• m I II I2



Appendix F
Dissolved Air Bench Test Procedure

SILCONE BRAKE FLuID:
SE140~i TEST FUZ DISSOLVED AIRt

BACXKROUND AND INTRODUCTIONs

Thi.s test plan will investigate the Possiti:ity, on a
qua•itative -evel, that Silicone braxe 4flu-d re-aassa a:- upon
s5uJect.cr, z, the "owwr a^-Qspneric pressures encountereo at
",.;-.-itl'-uces. The test will involve throe phases. The
"first phase will consist of exposing a sample of silicon&
brake fluid to continuously decreasing pressuress the second
phase w11 involve subjecting the sample to continuously
increasing pressures starting from the lowest pressure
achieved in phase one; and the final phase will consist of
exposing the fluid to a series of decreased pressures fcr a
specified period of time. Each phase will be repeatec for a
sample 4f polyglycol Drake fluid to allow compori*•ns of
behavior between the two fluids.

PHASE CME... Place 15 ml of silicone brake fluic Into the 25
el flask. Set vacuum oven temperature to 2T.C. We03.gh the
flask with the fluid and record the weight. Transfer ilask
to vacuum oven and position so that the flask and its entire
contents can be seen clearly through the window. Seal the
oven and begin drawing a vacuum on the chamber. Follzotng the
values listed in the chart below, drop thr pressure to each
given value and allow the flask to stay at each pressure for
! minutes. Observe any appearance of buboles issuing 4roe the
4luid. As this test is qualitative in nature, use best
Judgement as to how to describe the volume of bubbles, 44 any,
appearing in the fluid.

PHASE TWO... Allow the flask to sta-F at the 4inal pressure for
10 minutes, then bring "Ne oven back to atmospheric ;ressure
as soon as possible and quickly weigh "he sample. Note weignt
c€'ange, if any. Place sample in oven arc drop the pressure
once again to the lowest pressure va'ue. Let tne flask sit
at this pressure for 5 minutis, then increase the pressure to
the next value. Let the flask sit for 5 minutes and increase
the pressure. Repeat this procedure untIl atmospheric
pressure is cnce again achieved. Weigh the 4:ask again a.,d
note weight difference, if any.

oNASE T.6REE... Place the +!ask in tne oven and Crop tne

pressire to tie lowest vallae anm allow tte fafl,- to sit at
this pressure for 1.5 hours. Brinn tne oven ba:z to
astlospneric ;ressure as soor as posibe and qu-cvly weigh
4la1- as be4ore• noting any beigtht change. Pace tne £iask

in tie oven once &gat-, ar.d C-op zhe, !-essre ri,, -al- say
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to the lowest value. Lot tne flask sit for 1.5 nours and
weigh as before.

Repeat the Rntire procedure with & 15 ol Sample 04 the polyglycoZ
brake fluid,'noting any changes In appearance or weight. In an
attempt to test thw one-way valves normally found orn 5-ton trucks,
repeat the entire procedure for both fluids using the 25 &1 flook
vequipped with the one-way valve &no rubber *topper. Carefully note
all changes In appearance and weight. It is desirous to compare
both fluid when open to the atmosphere and when subjected to the
valve action.
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Appendix G
Air Entrainment Report

SILICONE BRAKE FLUID
AIR ENTRAINMENT ANALYSIS

by

Ellen K. Mowey

31 March 1989

Materials, Fuels, and Lubricants Laboratory
Hydraulic Fluids & Corrosive Prevenatves Branch
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SILICONE BRAKE FLUID
AIR ENTRAINIWENT ANALYSIS

INTRODUCTION

PURPOSE: The purpose of this expene=nt is to determine the air entrainment
propensities of various silicone brake fluids to determine if these
propertes cause a problem in braking systems of military vehicles.

BACKGROWD: From what is contained in the Utah National Guard Memo of 9
January 1989, it is inferred that silicone brake fluid (SBF) entrains air.
Limited testing was conducted in 1981 at Belvoir RD&E Center and
results indicated that SBF is less prone to entrain air than the
previously used conventional polyglycol fluids. According to the memo,
however, the present silicone brake fluids used in 2 1/2 and 5 ton
utucks are causing failures in dhe brake systems. As per the memo,

"... the main disadvantage of silicone is its affinity for air... With air in
the system and when the fluid is under pressure when braking, it
absorbs the air which causes an air/hydraulic problem"

"... silicone boils off, more severe at higher temperaures... when the
fluid boils off, a void is created and replaced with air or water"

SCOPE: To more fully quantify the February 1982 information reported on in
report #2348, "Evaluation of the Flush/Fill and High Pressure Air
Purge Procedures for Convering Army Vehicles to Silicone Brake
Fluid", by Messrs. Chapin, Conley, and Jamison, entrainment testng via
ASTM D 3427 (Gas Bubble Separation Time of Petroleum Oils) will
be performed to measure the ability of fluid;- to separate entrained air.
Testing will be conducted at atmospheric pressure at specified
temperatures. It is important to note that this experiment will only
determine entrained air, not dissolved air. Mixtures of the SBF
contaminated by the polyglycol will be tested in the same manner as
the pure samples. In addidon, a quick qualitative test will be
conducted on each fluid sample to determine if any air has been
dissolved in the fluid. No effort will be made at this time to determine
the volume of air, if any, that has been dissolved.
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OBJIECfVES: The primary objective of this experiment is to determine with
acceptable repeatability, the gas bubble separation time for the
following samples via the ASTM D 3427 procedure:

SilUcone Brake fluids (new)...

*SE MiI.B-46176
Qual. # SBF-1001
Mand. # 475-195 GE

* SBP Mil.B-46176
Qual. # SBF-1000
Man!. # X2-1143 Dow Corning

* SBF MW-B-46176
Qual. # SBF-1003
Man. # P1615-129 Delco Moraine

Conventional PolyglycolBrake Fluids...

* 'DCP W-B-680

Qual. # M-9316
Manf. # HDCP-420 Olin Corp.

* -DCP W-B-680
QuaL. # M-9317
Manf. # IDCP-470 Olin Corp.

In addition to the single component samples listed above, gas bubble
separation times will be recorded for mixtures of the SBF and
polyglycol samples in a specified concentration:

SBF'Polyglycol- 90:10

PROJECT CONCEPT AND PROCEDURES

CONCEPT: This test will determine whether or not silicone brake fluids entrain air
to an appreciable extent such that the braJling system in military
vehicles is jeopardized. The time required for the fluids to release air
that has been int'oduced into the fluid will be recorded for each of the
above samples and indicated mixtures. Fmom this data it can be
determined if air enainment by silicone brake fluids presents a
problem for operation of military vehicles. In addition, each sample
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will be placed under vacuum in order to determine if there is any
dissolved air in the fluid. This experiment will simply indicate whether
fyther testing is required to study Lhe effects of dissolved air in the
fluid when it is in use in the brake systems.

PROCEDURE: AIR ENTRAINMENT... The procedure followed in order to
determine the air enurainment propensities of silicone brake fluids is
the AS7hM Standard Test for Gas Bubble Separation Time of
Petroleum Oils (D 3427-75).

SUMMARY OF METHOD: Compressed air is blown through the test
fluid which has been heated to a given temperature of 25 "C, 50 C, or
75 "C After the gas flow is stopped, the time required for the gas
entrained in the fluid to reduce volume to 0.2% is recorded as the gas
bubble separation time.

DEF'I 1TION: Gas Bubble Separation Time... the number of minutes
needed for gas entrained in the fluid to reduce in volume to 0.2%
under the conditions of this test and at the specified temperature.

PREPARATION OF APPARATUS:

I. Clean the interior of the test vessel, including the gas inlet and
sinker, and all other glassware coming in contact with the
sample, before each determination in the following manner,

2. Rinse away the fluid residue with ethanol and dry by air
blowing.

3. Clean the apparatus by immersing in chromic acid solution for a
minimum period of 12 hours in order to remove completely any
traces of silicone.

4. Rinse with distilled water.
5. Rinse with acetone and dry with clean compressed air.

TEST METHOD:

1. Assemble the test apparatus as shown in Fig. 1. Set the
circulating bath to test temperature. Turn air on but do not fit
inlet tube into the test vessel. While air is flowing at proper
pressure, adjust temperature controller such that the air stream
reaches the test temperature.

2. Warm 200 mL. of the fluid in an oven set at a temperature of
10 "C higher than the test temperature.

3. Pour 180 mL of the warmed sample into the test vessel.
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4. Allow the sample to reach the test temperature. Ths usually
takes about twenty minutes.

5. Warm the sinker of the density balance to the test temperature
in an air bath. When the sinker has reached the test
temperature, immerse it in the sample taking cane that no air
bubbles Cling to it. Attach the sinker to the beam of the density
balance such that the bottom of the sinker is 10::L 2mm from
the bottom of the test vessel.

6. Read the density from the balance to the nearest 0.001 &/L
and reod it as the initial density, d*.

7. Return the sinkrtotheair bathandreplace itwith thegas
inlet tube.

8. After 5minutes, start the air supply of gas at agage pressure
of 20.0 kPa (200 mBars) at the test temperature.

9. After 420 ±j 1 s (7 min.) shut off the gas and quickly remove
the inlet tube from the test vessel. Immediately start the tiner
and immerse the sinker in the fluid/gas dispersion. Attach the
wire to. the beamn and maintain distance from bottom as before.

10. Determine the balance settng that will correspond to 0.2 % of
gas by volume (d.-O.00 17) for air, and record the time required
from shutting off the gas until the balance passes. this null point.
Record tines of up to 15 minutes to the nearest 0.1 mnin, and
those fromn 15 to 30 minutes to the nearest 1 minute. If the null
point is not reached in 30 minutes, discontinue the test.

DATA: The data collected will be simply the gas bubble
sepauation tine at the test temperature. The test will be
conducted three tines for each sample to indicate
reproducibility. Repeatability and reproducibility are reported
on for both the ASThI method and the DhIN method for air
enn-aininenE testing in the ASTM procedure.

PROCEDURE: DISSOLVED AIR... The procedure for testing for dissolved air is
rudimentary and is intended only to yield qualitative information
concerning the possible presence of dissolved air.

SUMMARY OF NITHOD: Fluid samples are placed in a vacuum
flask and an aspirator is used to pull a vacuum at 628 mm Hg. The
three above mentioned silicone brake fluids as well as the HDCP-470
polyglycol fluid are tested for presence of air bubbles in the fluid.
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TEST bMTHOD:

1, Place 50 mL of fluid in vacuum flask and stopper. .Attach
aspirator hose and pull a vacuum of 628 mm Hg for 45 sec.
Swirl the flask gently during this 45 sec and note any
appearance of air bubbles.

2. Repeat the above procedure three times for a total of four
trials with a total time of 135 sec under vacuum. Record
observations.

DATA: The data collected will simply be a report of observations of
air bubble presence over the period of time which a vacuum is applied
to the sample.

RESULTS: In concurrence with results obtained during the 1982 entrainment
testing, it was found that each of the silicone brake fluids exhibited
shorter gas bubble separation times than the conventional polyglycol
fluids. Actual separation times are summarized as follows:

FLUID SEPARATION- TIME
@ 25 "C (sec) (min)

POLYGLYCOLS

Olin HDCP-420 222.6 3.7

Olin HDCP-470 277.4 4.6

SILICONE BRAKE FLUIDS

GE SBF-1001 89.6 1.5

Delco Moraine SBF-1003 95.8 1.6

Dow SBF-1000 140.3 2.3

The data reported thus far pertains only to pue samples of each fluid.
When a mixed fluid analysis was attempted, the solution formed a
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stable emulsion. The density of a 90:10 SBF/Polyglycol solution was
slightly higher than the pure SBF. After u•ting the sample with
blown air, the density increased most likely due to the dispersion of the
polyglycol throughout the silicone brake fluid. Before the air was
-blown through the sample, the polyllycol sank to the bottom, and a
two phase system was formed. The formation of a stable emulsion
precludes the possibility of obtaining air enuainment daam on the mixed
fluids.

The results of the vacuum testing revea that the silicone fluids appear
to contain morm dissolved air than the conventional polyglycol fluid.
Observations were as follows:

FLUID TRIAL OBSERVATION OF AIR BUBBLES

HDCP-470 1 very slight presnce of bubbles
2
3 I,

4 I

SBF-1000 1 moderate: dissipates after 30s
2 apx 10ml
3 I

4 U

SBF-1001 1 moderate: dissipates after 30s
2 apx lOml "
3 apx 25ml "
4 apx 20ml "

SBF-1003 1 slight presence of bubbles
2
3 moderate: dissipates after 30s
4 slight presence of bubbles

It should be noted here that the Delco Moraine silicone brake fluid
(SBF-1003) exhibited a small amount of dissolved air comparable to
that of the conventioral polyglycol (HDCP-470).
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CONCLUSIONS

From the data obtained as a result of the testing completed according to this
protocol, it can be concluded that,

1) Ennrained air, as determined by the ASTM D 3427 test, separates
more rapidly frm silicone brake fluid than from the conventional
polyglycol, fluid.

2) A qualitative vacuum test shows that silicone brake fluids contain
slightly more dissolved air than polyglycol fluids.
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